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HERMANN STAUDINGER (188]1- 


Hermann Staudinger, outstanding organic chemist, born at 

Worms, March 23, 1881, received his chemical education at Darm- 
stadt, Munich, Halle (Ph.D. 1902). He has taught at Strassburg 
(1903-07), Karlsruhe (1907-12), Zurich (1912-25). Since 1926 
he has directed the chemical laboratories at Freiburg i. Br. 
_ The first period of his scientific activity (1902-20) is recorded 
in numerous publications: twenty-six on aliphatic diazo com- 
pounds, five on organic compounds of phosphorus, seven on 
oxalyl chloride, six on auto-oxidation, fifty on ketenes. His 
brochure: “Die Ketene’”’ (1912) is still a standard work. In 
twelve papers on insect poisons, he and Ruzicka reported findings 
that culminated in their elucidation of the constitution of pyre- 
thrin I and II. A sharp rise in the price of pepper led him to in- 
vestigate the relation between chemical constitution and pepper 
taste and the preparation of synthetic pepper. His study (with 
Reichstein) of the constituents of coffee aroma resulted in several 
patents. 

Since 1920 he has devoted himself almost entirely to a field in 
which he is now the leading authority. In more than two hundred 
papers and in his comprehensive book “Die hochmolekularen 
organischen Verbindungen, Kautschuk und Cellulose’ (1932), he 

has set forth the fruits of his studies of the physical and chemical 
‘ behavior of systems containing giant molecules. Great advances 
in the understanding of the constitution and properties of cellu- 
lose, starch, rubber and highly polymerized synthetic products 
have come from his laboratory. 

Reduction of caoutchouc to hydrocaoutchouc showed that the 
colloidal particles in dispersions of the latter are macromolecules. 
The structure of these large chemical units was investigated first 
in the relatively simple case of the polyoxymethylenes and it was 
shown that X-ray studies reveal nothing decisive regarding the 


magnitude of the chemical molecule. The important concept 
“polymeric homologous series” was developed from the investiga- 
tion of the polystyrols. The older divisions of colloidal systems 
were found inadequate and a new classification was evolved. The 
particles of molecular colloids consist of many atoms bound to- 
gether by normal covalences; they are true compounds of high 
molecular weight, while the micellar colloidal particles (e. g., 
soap solutions) consist of associations of smaller molecules united 
by the weaker inter-molecular (van der Waals) forces. The 
stability of a colloidal particle and its chemical behavior are 
conditioned by this internal architecture; its colloidal behavior 
depends on its shape. Hence a further division into linear col- 
loids (e. g., cellulose) and spherical colloids (glycogen). The 
linear macromolecular materials are further subdivided into 
hemi-, meso-, and eucolloids. Only the latter have the ability 
to form fibers and films. Dispersions of sphero-colloids show low 
viscosity and obey the Einstem law, while a special viscosity law, 
discovered in 1932, holds for the highly viscous systems contain- 
ing long thread-like molecules. This relation makes it possible 
to determine the molecular weight of these materials, whose 
degree of polymerization often extends into the thousands. 

Professor Staudinger’s ‘“Anleitung zur organischen qualitativen 
Analyse” has been translated into English, French, Spanish, and 
Japanese. A second edition of his ““Tabellen zu den Vorlesungen 
iiber allgemeine und anorganische Chemie” was published in 
1935. Academies and learned societies have conferred honorary 
membership on him. He holds the Emil Fischer Memorial Medal 
of the Verein Deutscher Chemiker (1930), the Le Blanc Medal of 
the Societé chimique de France (1932), and the Cannizzaro Prize 
of the Accademia dei Lincei (1934). 


(Contributed by Ralph E. Oesper, University of Cincinnatt) 
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THE MONEY CROP. One cannot investigate the 
plight of some of our distressed agricultural areas with- 
out being impressed by the part that the so-called 
money crop has played in their impoverishment. The 
connection is especially obvious where the money crop 
has become essentially a single crop. It is true, of 
course, that not all our productive agricultural areas 
are well adapted to diversified farming in the sense 
understood by the inhabitants, say, of the limestone 
country of the Piedmont plateau. Yet many of these 
areas of more or less specialized adaptation should 
never have been permitted to become single-crop areas 
to the extent they have, and others appear to have been 
trapped into the all-the-eggs-in-one-basket class against 
all Nature and reason solely by the bait of hard 
cash. 

However, before we develop too smug a feeling of 
superiority over the short-sighted farmer who finds 
himself saddled with debts for canned vegetables and 
stock feed he could easily have raised for himself, 
because his money crop failed or found a glutted market, 
we may well stop to consider how many of us are doing 
similar things in different ways. 

Many of us who live by the sale of our services, rather 
than by the products of our own land, have become 
“one-crop”’ enterprises to an extent that Nature never 
intended, and that even our present highly specialized 
social and industrial organization never compelled. 
Some of us ‘“‘over-crop”’ in order to get more money to 
pay high prices for services that we could quite well 
perform for ourselves, and to buy things that we might 
find pleasure and recreation in creating for ourselves. 

Most of us are acquainted with the notion that 





monetary economies may be penny-wise and pound- 
foolish. Few of us, however, give much thought to 
the possibility that the ultimate in efficiency may be 
purchased at too high a price. The fact that my friend 
Sam Jones can earn enough in an hour of overtime to 
pay a gardener for three hours of work on his suburban 
lot doesn’t necessarily mean that the transaction 
would be a wise one for Sam Jones. The Eastman 
Kodak Co. can build photographic enlargers more 
efficiently than I can, and doubtless it can build a better 
one than I have made for myself, but it couldn’t sell 
me the fun and relaxation I had in the process. I’m 
not sure that they lost a sale, but if they did they are 
in a fair way to make it up (and more, too) in films 
and print paper. By sticking to business all summer 
my friend Bill Smith could probably make enough to 
buy or rent a much more pretentious summer place 
than the woods cabin that he has built chiefly by his 
own vacation labor—but what good would it be to 
him? 

This is not intended as an argument that most of 
us work too hard. It is intended as an argument that 
too many of us feel that everything must be bought 
with money, and that the money must be got by work- 
ing at our specialty. We mistakenly feel that there is 
something foolish or immoral in doing satisfactorily 
in three hours a piece of work that we could hire an 
expert carpenter to do in two. Some of us are afraid 
we can’t build quite as trim-looking a boat as the 
Blank Boat Co. can sell us. So what? The fellow 
who has the courage to try it and who achieves a sea- 
worthy product, is always surprised to find how beauti- 
ful it looks to him. 
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DECORATIVE BRONZES «wn the 


GEORGE EASTMAN RESEARCH 
LABORATORY of the MASSACHU- 
SETTS INSTITUTE of 


TECHNOLOGY 


TENNEY L. DAVIS 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


HE travertine-walled foyer of the George Eastman 
Research Laboratory of Physics and Chemistry 
of the Massachusetts Institute of Technology has 
recently been decorated with bronze bas-reliefs,* at- 
tached to the north and south walls and designed to 
symbolize the universality and broad human significance 
of physics and chemistry. A new ceiling has been built 
for better acoustic and lighting effects. Stone benches 
have been installed and display cases for the exhibition 
of commemorative medals, pieces of apparatus, old 
books, and other scientific memorabilia. The whole 
was designed and executed by G. Thayer Richards, son 
of the chemist Theodore W. Richards, and was dedi- 
cated with appropriate ceremonies on May 24, 1938. 
The designs and plans were made by Mr. Richards 
after many conferences, during more than a year, with 
the Moore Committee} of the Chemistry Department 
and with other members of the Departments of Chem- 
istry and Physics. The problem of this Committee may 
perhaps be not without interest to the readers of Tus 
JOURNAL. First it seemed necessary to reach an opin- 
ion—one which could be expressed succinctly—as to 
the nature and principal achievements of each of the 
two sciences. Since the decorations were to be of en- 
during bronze, to last, as we hope, for centuries, it was 


necessary that they should symbolize long-range and - 


permanent conceptions of the sciences, as valid today 
as a century ago and a century hence, unwarped by 
present speculations, by transient motives, or by popu- 





* The plaques were modeled and erected by George K. L. 
Loeser (deceased), D. L. Gattoni (head of firm), and Otis A. 
Hood (modeler). All bronze work was made by the Gorham 
Company. The display cases were built by Truman H. Thorpe, 
the stone benches by the Freeport Marble and Tile Company, 
Inc., and the ceiling by Muir Brothers. Certain novelties of 
structure and craftsmanship are described elsewhere in an article 
by G. Thayer Richards. 

+ The costs were paid from the Forris Jewett Moore Fund of the 
Chemistry Department, a fund given by Mrs. Moore in memory 
of her husband, the income to be used for the purpose of increas- 
ing the interest of the study of chemistry. The Moore Com- 
mittee consists of Professors Frederic G. Keyes, Arthur A. Blan- 
chard, and Tenney L. Davis, and has been aided in the present 
undertaking especially by the coédperation and advice of Profes- 
sors Robert S. Williams (Metallurgy) and John C. G. Wulff 
(Physics). 





lar trends in research. The factual findings were at 
issue—unequivocal positive knowledge—neither things 
guessed nor interpretations offered, nor applications 
either for applications change. The gas lights pro- 
duced by the chemistry of a century ago are gone with 
the hard, impenetrable atoms of the time, but the 











DETAIL OF ONE OF THE PLAQUES 


earlier chemistry, like the chemistry of five hundred 
years ago or even longer, had already a considerable 
accumulation of positive knowledge, forever good, never 
to be retracted. 

Chemistry concerns itself with the properties of the 
different kinds of matter, with their combinations and 
changes. Dealing with changes, it has needed means 
for the certain identification of kinds, for the recognition 
of the varieties of the elements, which, unchanging in 
substance, by their permutations and combinations 
give rise to its phenomena. It has identified them, and 
has classified them in the Periodic Table. The classi- 
fication suggests interpretations, but the physical and 
metaphysical accounts of the causes of the Periodic 
Law are liable to change. The facts which the Law 
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summarizes are permanent. In front of the bronze 
Periodic Table stand representations of three of the 
most important instruments, hence symbolizations of 
three of the most important methods of investigation 
and of thought, which have led to the great generali- 
zation. Chemical change is symbolized by the alembic 
which shows the action of fire, the study of the extent of 
the change by the balance which suggests not only 
weight but number, for the Periodic Table is a table of 
numbers as well as of elements, and the final identifica- 
tion of the elements is symbolized by the spectroscope. 
Around the sides of the Periodic Table are bronze rep- 
resentations of eleven men who have made outstanding 
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crystal. The forces by which matter is actuated are, 
first of all, matter itself acting by gravitation, then the 
more subtle forms of energy, first mechanics, then light 
and heat, for this is the historical order of studies upon 
them, then electricity and magnetism, and finally radia- 
tion in all of its tenuous kinds; and all of these, mat- 
ter, energy, and radiation alike, are ultimately the same, 
metamorphic forms of the stuff of the universe. Gross 
matter is symbolized by the great world and the little, 
by the pendulum and the hour glass; energy by the 
dynamo; and radiation by the Herz oscillator. The 
eleven physicists, pictured by the bronze plaquettes of 
the border, are those who have contributed most no- 














SouTH WALL—THE CHEMICAL ELEMENTS 


contributions to chemistry, contributions of fact which 
time and changing interest and advancing knowledge 
will not alter. 

Physics is concerned with matter in general, without 
distinction of kind, and with the modes of the behavior 
of matter under the influence of the various forces to 
which it is responsive. Above and below the behavior 
is the same, in the great world represented by the stars 
in their courses, in the small world symbolized by the 
model which shows the arrangement of atoms within a 





tably to our permanent knowledge of the modes of be- 
havior of matter. 

The choice of the eleven chemists and the eleven 
physicists was a difficult one to make. No living man 
could be represented. We are too near to the living 
properly to evaluate their work or to estimate its dura- 
bility. Contributions were to be represented about 
the enduring value of which there could be no ques- 
tion. After much discussion, the twenty-two were 
chosen unanimously. Without pretending that we 
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have made the best possible list of eleven great chemists 
and eleven great physicists, we truly believe that the 
majority of the names which we have chosen will in- 
evitably be found on the best possible list of the same 
length. One man has suggested that we ought to have 
selected such-and-such two or three in place of two or 
three whom he thinks unqualified for our list. Another 
has found no objection to those whom the first disap- 
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bath, water bath, distillation. Had a dualistic theory of the 
composition of the metals. . 

Ko Hung (c. 281-361).—The most distinguished of the 
Chinese alchemists. Wrote extensively on alchemy and on 
practical chemistry, and described clearly many experiments in 
the chemistry of lead, mercury, and tin. Probably the first man 
to manufacture tin foil. 

Jabir ibn Hayyan (c. 721-817).—Arabic school. Acquainted 
with sulfuric and nitric acids, alkali, alum, corrosive sublimate, 
and with many other chemical substances. Described cupella- 











NorTH WALL—THE PuysiIcaAL WorRLD 


proved, but has judged two or three other, different 
changes to be desirable. No qualified person with 
whom we have talked has failed to approve two-thirds 
of the list. The distribution among the various na- 
tionalities is as it fell out naturally. No deliberate 
effort has been made to demonstrate either the inter- 
national character of science or the superiority in 
science of one nation over another. 

The following notes indicate the nature of the re- 
marks which were made about these men at the time 
of the dedication on May 24th. 


CHEMISTS 


Zosimos of Panopolis (late 3rd or early 4th century A.D.).— 
Alexandrian school. Had a wide knowledge of the practical 
chemistry of metals and alloys, and of chemical processes, sand 





tion. Sulfur-Mercury theory of the composition of the metals. 
The Latin writings of ‘‘Geber’’ were an important source of the 
chemical knowledge of Latin Europe. 

Robert Boyle (1627-1691).—English. Careful experimenter 
and clear thinker on chemical problems. Defined “element,” 
but was unable to find an experimental criterion for determining 
the applicability of the definition. Had a corpuscular theory of 
matter. Discovered methyl alcohol, acetone, phosphorus, etc. 

Michajl Vasilievié Lomonosov (1711-1765).—Russian. De- 
fined physical chemistry and listed the problems of its study. 
Believed in the conservation of matter which he held to be 
atomic, foresaw isomers, and had a kinetic theory of gases. 
The first in the world to introduce the laboratory teaching of 
chemistry to university students. 

Antoine Laurent Lavoisier (1743-1794).—French. Founded 
modern chemistry, using weight for the interpretation of chemi- 
cal reactions. Proved the nature of acids, of combustion and 
respiration, and the composition of water. Developed a new 
chemical nomenclature. 
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Joins Jakob Berzelius (1779-1848).—Swedish. Discovered 
cerium, selenium, and thorium; isolated silicon, zirconium, and 
titanium. Developed analytical methods, drew up a table of 
equivalent weights, devised symbols for inorganic compounds. 
Studied many organic compounds. Catalysis. 

Friedrich Wéhler (1800-1882).—German. Isolated beryllium, 
aluminum, boron, and silicon. Studied peroxides, hydrides, 
cyanogen, benzoyl, etc.; synthesized oxalic acid and urea. 

Stanislao Cannizzaro (1826-1907).—Italian. Secured the ac- 
ceptance of the earlier views of Gaudin, Ampére, and Avogadro, 
and established correct atomic weights from vapor density data. 
Created order in chemisty. Contributed to organic chemistry. 

Marcellin Berthelot (1827-1907).—French. Founded organic 
synthesis from the elements (acetylene, ethylene, alcohol, ben- 
zene, etc.). Fixation of nitrogen. Thermochemistry. Science 
of explosives. 

Dmitri Ivanovié Mendeleev (1884—1907).—Russian. Periodic 
classification of the elements, the basis for the later unitary 
theories of the constitution of matter. Predicted the existence 
of elements which have since been discovered. Contributed to 
inorganic and organic chemistry. 


PHYSICISTS 


Archimedes of Syracuse (c. 287-212 B.c.).—The greatest 
mathematician, physicist, and engineer of antiquity. Laid 
the foundations of statics and hydrostatics, enunciated the notion 
of specific gravity, invented many useful machines and me- 
chanical devices, compound pulley, endless screw, etc. 

Alhazen (c. 965-1039 a.p.).—Arab, flourished in Egypt. 
Astronomer, mathematician, physicist, physician, and one of the 
greatest students of optics. An experimentalist. Understood 
the lens, refraction, vision, etc. A Latin translation of his work 
on optics exerted a great influence on western science and did 
much to establish the experimental method. 

Galileo Galilei (1564-1642).—Italian. Investigated and es- 
tablished the laws of falling bodies, projectile motion, elastic 
behavior of solids, gas and liquid pressure, sound, and ther- 
mometry. Applied optical instruments in astronomy. Stimu- 
lated studies on celestial mechanics. 

Christian Huygens (1629-1695).—Dutch. Enunciated the 
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wave theory of light. Carried out experimental work of funda- 
mental importance in mechanics and optics. Measurement of 
time. 

Isaac Newton (1645-1727).—English. Established the laws 
of motion and gravitational attraction, and is to be credited with 
a new conception of the universe which is essentially that which 
prevails at present. Founded the infinitesimal calculus. Wrote 
“Principia Mathematica Philosophiae Naturalis.” Contributed 
also to optics, acoustics, and various branches of mechanics. 

Benjamin Thompson, Count Rumford (1753-1814).—American- 
born cosmopolite. Physicist, engineer, philanthropist and social 
worker. Contributed to knowledge of heat and light, demon- 
strated conversion of work into heat, invented useful household 
appliances, founded the Royal Institution of Great Britain which 
has played an important part in the rapid development of mod- 
ern science. 

André Marie Ampére (1775-1836).—French. Pioneer experi- 
menter and interpreter of electrodynamic phenomena, of the 
magnetic fields of currents and of the behavior of magnetic ma- 
terials. 

Augustin Fresnel (1791-1827).—French. Engineer, matlie- 
matician, and physicist. His work on interference, polarization, 
double refraction, and diffraction of light establisHted the wave 
theory and laid the foundations of physical optics. 

Michael Faraday (1791-1867).—English. One of the greatest 
of experimentalists. Discovered electromagnetic induction, laws 
of electrolysis, benzene, diamagnetism, and so forth. Experi- 
mented with the passivity of iron, borosilicate glass. Many 
contributions to physics and chemistry. 

Hermann Helmholtz (1821-1894).—German. Anatomist, physi- 
ologist, and physicist. Clear thinker and great teacher. 
Founded the modern study of physiological optics. Developed 
analytical methods in hydrodynamics, thermodynamics, and 
acoustics, 

James Clerk Maxwell (1831-1879).—Scotch. Gave mathe- 
matical form to electrodynamic theory. Certain of his conclu- 
sions, demonstrated experimentally by Herz, are the basis of 
communication by electromagnetic waves. Made mathematical 
interpretation of the behavior of elastic solids, of the Faraday 
lines of force, of the stability of Saturn’s rings, of color, and of the 
kinetics of gases. 








MOLD ELIMINATION in 






MARINE LABORATORIES 


OLD grows well whenever the relative humidity 
M is eighty per cent. or greater and the tempera- 
ture favorable. These conditions are reached 
in many marine laboratories during midsummer and the 
growth of mold on shelves, chemical containers, in 
chemical solutions, and on personal equipment is not 
only unpleasant, but destructive of property and 
supplies. 
The Chemical Room of the Marine Biological 
Laboratory is in the basement of the main brick build- 


OSCAR W. RICHARDS anno KATHARINE J. HAWLEY 


Marine Biological Laboratory, Woods Hole, Massachusetts 





During 
July and August the damp air enters the building and 
the excess moisture condenses on the cool inside walls 
and the relative humidity, measured with a sling 
psychrometer, averages over eighty per cent. in the 
Chemical Room and at times may reach ninety-nine 


ing just across the street from the harbor. 


percent. Then molds grow on almost everything from 
the window curtains and wooden shelves to the label 
varnish used to protect labels of bottles and even on 
partially used chromic acid cleaning solution. It is 
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very difficult to maintain buffer solutions free from 
molds. 

Had the Chemical Room been built on the top floor 
of the building where the humidity is ten to twenty- 
five per cent. less, much of this trouble would have been 
avoided and it is recommended that future marine 
laboratories have the chemical supply department in 
the driest place. The greater ease and accuracy of 
chemical work, and the lesser deterioration of supplies 
will more than offset the extra labor of taking the 
supplies up and down by elevator. 

Five years ago a program of mold elimination was 
started and the results are herein summarized. 


I, LITERATURE 


Despite the fact that the mold problem must be 
widespread, the literature yields relatively few papers. 
An extensive study was made by Fargher, Galloway, 
and Probert (1930) with known molds and many 
chemicals and which indicated that salicylanilide was 
suitable for moldproofing the sizing of cotton goods. 
Recently ‘‘Technologist’’ (1936) has described methods 
for the examination of molds which affect cotton cloth. 
The essential oils are useful fungicides in medical 
practice as shown by Meyers (1927), Meyers and 
Thienes (1925), and Kingery and Adkisson (1928). 
That bacteria may become drug-fast was suggested by 
Meader and Feirer (1926). Orthman and Higby 
(1929) discuss the problems of mold control in the 
leather industry. New chemicals proposed recently 
are the naphthenates by Bryson (1936, 1937); and the 
esters of p-hydroxybenzoic acid by Suess (1936). 
These and various trade references suggested the chemi- 
cals used in the present investigation. 


II, FUNGI 


Samples of the molds were obtained as carefully as 
possible and grown on malt extract agar, or wort agar, 
and for occasional study on Sabauraud’s agar (all 
Difco products). The cultures were separated by 
plating out, although this was not completely successful 
owing to the lack of adequate facilities. The cultures 
were identified by Dr. Charles Thom, U.S. Department 
of Agriculture, to whom we express our indebtedness for 
his kind coéperation. Three molds made up the bulk 
of the infection: Aspergillus versicolor, an Aspergillus 
of the ‘‘glaucus series’ and Penicillium chrysogenum. 
The following molds also were prevalent: Penicillium 


phaeojanthinellum, lividum,  citereo-viridae, _funi- 
culosum, lilacium (varient), frequentans, batiolum, 
implicatum, purpurogenum, brevi-compactans group, 


and intricatum series; Cladosporium sp.; two species of 
Trichoderma; and Alternaria sp. 


iI. METHODS AND TESTS 


A few tests were made in Petri dish cultures with a 
given strength of fungicide in malt extract agar. Failure 
to kill the mold in this type of culture meant failure 
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under other conditions, but success in a closed dish 
culture did not prove that the fungicide would be 
effective in the laboratory. There was so little relation 
between concentrations of fungicides effective in culture 
dishes and in the laboratory that culture tests were 
abandoned after the second summer. 

The most effective quick test of a fungicide or alleged 
mold-proof material was to place it in a moist chamber 
made by filling the lower part of a desiccator with water 
so that it was exposed to the humid air and inoculate 
it with a few mold spores. Failure of a fungicide in 
such an experiment indicated that it might fail in field 
experiments. No exception to this statement occurred. 
Except as stated otherwise, the results of the field tests 
are given. 

The conditions in the Chemical Room are probably 
extreme and the tests necessarily rigorous. Chemicals 
failing to kill molds here may prove effective elsewhere 
and the following comments are intended to apply 
solely to the conditions of our experiments. The 
officials of several chemical firms have been helpful to 
us both by furnishing chemicals for testing and advising 
us from their experience. We thank the men mentioned 
for their codperation. 

The following chemicals have been tried with the 
results indicated. The formulas have been taken from 
Merck’s Index or have been supplied by the distributer 
of the chemical. Recommendations for eliminating 
molds will be given in the following section (IV). 


IV 


Copper resinate, CuCzoH2O2.—(E. A. Wieland, 
American Cyanamid and Chemical Corporation). 
Five-tenths to two per cent. in naphtha showed slight 
inhibition of mold growth on cardboard. Stronger 
concentrations may be useful where the color of the 
solution is not a deterrent. (Cf. Palustrex below.) 

DiPhen.—Composition not revealed. (J. J. Durrett, 
E. R. Squibb and Sons, New York City.) A 0.25 
per cent. concentration proved very toxic to molds in 
closed culture containers. This and stronger con- 
centrations arrest mold growth from a few days to a 
few weeks only in the open, when wiped or sprayed on 
infected wood, cardboard, and books. Care must be 
used to prevent the material getting on the skin as it is 
irritating. 

Glyptal paint with a-nitronaphthalene (cf. below).— 
(L. E. Barringer, General Electric Company, Sche- 
nectady, New York.) Wood painted with the un- 
diluted paint did not mold in moist chamber tests. 
Since the color of the paint was unsuited to our use, 
only a few tests were made. 

Hamiltex Anti-Mold.—Composition not revealed. 
(F. A. Fisher, Hamilton Chemical Products Company, 
Brockton, Massachusetts.) Makers recommended its 
use in two to 7.5 per cent. solution in water. A five 
per cent. solution failed to retard mold growth on 
artificial leather, cardboard, and books for more than 
seven days. 

Lithol.—Composition unrevealed. This paint was 
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recommended for inhibiting mold growth, but in our 
experiments with full strength on wood it was decidedly 
ineffective. 

Moldol.—Chloroxymethylbenzol.* (Pfalz and Bauer, 
New York City.) Solubility; 0.6 per cent. HO; 
1.3 alcohol. Concentrations recommended were 0.05 
to 0.1 per cent. Not effective in preventing mold 
growth on wood, cardboard, artificial leather, or in 
label varnish in 0.1 per cent. in ninety-five per cent. 
alcohol, or in saturated aqueous solutions. 

Naphthenates, Cu and Zn.—“‘. . . naphthenates are 
not definite chemical entities, but comprise a series of 
cyclopentane carboxylic acids.” Bryson (1937). 
(Nuodex Products Company, Inc., Elizabeth, New 
Jersey.) The metal contents were six per cent. for 
the copper and eight per cent. for the zinc. 

A ten per cent. solution in naphtha inhibited mold 
growth for only nine days on wood, books, and arti- 
ficial leather. It is irritating to the skin and has an 
unpleasant odor but it might be of value in greater 
concentration when combined with a paint. 

B-naphthol.—CyH;OH. (Eimer and Amend, New 
York City.) In ninety-five per cent. alcohol 0.1 per 
cent. inhibited mold growth on books and artificial 
leather for three to eleven days only. 

Nipagin M imported, American product called 
Tegosept M. Methyl ester of p-hydroxybenzoic acid, 
Suess (1936).—(R. A. Kramer, Goldschmidt Corpora- 
tion, New York City.) S: 0.25 per cent. in H,O, 
greater in alcohol. Concentrations recommended: 
0.04 to one per cent. Two-tenths per cent. in alcohol 
inhibited mold growth on wood, but not on leather or in 
label varnish. Expensive and unsuited to treating 
large surfaces. It is said to be useful in reducing mold 
growth in Drosophila cultures. 

a-Nitronaphthalene. CioH;NOo.—(Eastman Kodak 
Company.) A three per cent. solution in kerosene or 
acetone has been found useful in inhibiting mold growth 
and termites. Five per cent. aqueous solutions painted 
on books and various surfaces inhibited mold growth 
in some cases for over a month. Other surfaces 
absorbed less, and the yellow powder remaining 
brushed off. Four per cent. in ‘Duron’ label varnish 
has been successful for one summer (two and one-half 
months). This material has considerable promise 
when combined with a paint or varnish to maintain a 
proper concentration and where there is no objection to 
the yellow color. (Cf. Glyptal above.) 

Oil, cinnamon.—v.s.P., eighty per cent. by vol. 
cinnamic aldehyde, CsHsO. S: 0.1 per cent. HO; 
1:1 alcohol. One per cent. in alcohol will not prevent 
mold growth on surfaces exposed to the air for any 
length of time. In closed containers it is very efficient 
as a tiny drop will prevent mold growth in buffer solu- 
tions, starch solutions, and so forth. This oil is toxic 
and should not be used in solutions into which living 
organisms may be placed. 


* Perachlormetacresol, mentioned in Solvent News, Feb., 1937, 
was stated to be moldol. 
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Oil, clove.—wv.s.P., eighty-two per cent. eugenol, 
CioH1202.—Not satisfactory on surfaces exposed to the 
air and much less efficient than cinnamon oil for solu- 
tions. 

Palustrex Sulfonate B.—A pine wood extract emul- 
sified with sulfonated castor oil and containing ten per 
cent. copper resinate. (E. W. College, G. S. A. Inc., 
New York City.) A three per cent. solution showed 
slight fungicidal properties on wood and cardboard but 
the color and odor of this product make it unsuited to 
indoor use. 

Phenox.—Phenyl mercury hydroxide. (W. H. Tis- 
dale, du Pont Pest Control Research Division, Wil- 
mington, Delaware.) S: 0.1 per cent. H,O. Recom- 
mended concentrations 0.02—0.1 per cent. This is 
the most promising chemical so far tested. The only, 
disadvantage is that compounds of mercury are poi- 
sonous and it is difficult to estimate the hazard involved 
in its use. In order to lessen the risk we have used 
rubber gloves and have protected the face when using 
a pressure spray. A 0.1 per cent. alcoholic solution 
sprayed or wiped on books, artificial leather, paper, or 
cardboard prevented mold growth for a season. How- 
ever, the mold growth reappeared the next summer 
and the treatment had to be repeated. Label varnish 
nearly saturated with it was protected for two seasons 
and a greater concentration incorporated into the var- 
nish might extend the protection for considerable pe- 
riods of time. 

Salicylanilide, trade name Shirlan, was found efficient 
with cotton textiles [Fargher, e¢ al. (1930) ]—Two 
samples were tried, one from Eimer and Amend and the 
other ‘‘Shirlan A’”’ from Mr. Tisdale (cf. Phenox above). 
Solutions of 0.1 and 0.2 per cent. of each sample failed 
to prevent mold growth on wood, books, cardboard, 
artificial and natural leather. The Shirlan A was 
slightly more effective than the imported product. 

Sodium silicofluoride.—Na,SiF, (Eimer and Amend, 
New York City). A 0.5 per cent. solution of this 
chemical prevented mold growth for only three to eleven 
days. 

Thymol.—CH;-CsH3(OH)C;H;. (Eimer and Amend, 
New York City). S: 0.1 per cent. H,O; 1:1 alcohol. 
Mold growth on various surfaces is inhibited for varying 
lengths of time by solutions of 0.1 to one per cent. in 
alcohol. In no case was protection longer than a sea- 
son when the treated surface was exposed to air. For 
materials such as the bellows of projection lanterns 
which are kept in their cases when not in use, protec- 
tion is given for at least two seasons. In closed or 
semiclosed regions which lessen evaporation this is a 
very useful fungicide. 

Zinc chloride—ZnCk. S: about four hundred per 
cent. A half-saturated solution was found best for 
mold-proofing unpainted wood. The zinc forms a 
chemical complex with the wood which is quite insol- 
uble, and we have found one treatment has given pro- 
tection for four years. The solution is liberally sponged 
onto the cleaned wood and allowed to dry. Rubber 
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gloves should be worn to protect the hands from the 
concentrated solution. 

Zinc salicylate, Zn (C;HsO3). 3 H2O.—This has no 
advantage over the chloride for wood and failed to 
prevent mold growth on paper, fabrics, and artificial 
leather. 


V. RECOMMENDATIONS 


Most of the chemicals tested, unfortunately, were 
ineffective in preventing mold growth under these ex- 
treme conditions. Yet, from the five summers’ ex- 
periments the following recommendations may be 
made and certain promising further work suggested. 

Wood may be protected from mold growth for sev- 
eral seasons by liberally sponging it with half satu- 
rated zinc chloride in aqueous solution. The wood 
should first be well cleaned. Some degree of protec- 
tion is possible with painted wood, but this varies with 
the nature of the paint. Wooden apparatus such as 
test-tube racks and titration stands may be protected 
by this means. Paints containing at least four per 
cent. of a-nitronaphthalene may be useful when the 
yellow color of the chemical is either unobjectionable 
or may be masked by another pigment. 

Leather objects may be protected for two to three 
months with a one per cent. alcoholic solution of thy- 
mol or for longer periods with a 0.1 per cent. solution of 
Phenox. 

Artificial leather is protected for a season by 0.1 per 
cent. Phenox, preferably in alcoholic solution (poi- 
sonous). When in a semi-inclosed space, such as 
lantern slide projector bellows in cases, a one per cent. 
alcoholic solution of thymol may be used instead. 

Books may have their bindings protected from mold 
growth for a season with the Phenox solution. This 
protection must be repeated each season. Combining 
the Phenox, or a-nitronaphthalene, in a cellulosic var- 
nish may give longer protection, but our experiments 
with this are too recent for definite statement. Ar- 
tificial leather bindings are more liable to mold than 
cloth. Some progress is being made in the manufac- 
ture of mold-proof artificial leathers, but none tested 
so far has proved resistant to mold growth. Some 
“Fabrikoid”’ samples sent by Mr. Dorman McBurney, 
du Pont Fabrikoid Division, Newburgh, New York, 
were highly resistant to mold growth, but not com- 
pletely so. As soon as a mold-proof fabric becomes 
available it should be used for all books and catalogs 
to be used at marine laboratories or other damp places. 

Paper and cardboard may be protected for a single 
season with a liberal bath of 0.2 per cent. Phenox solu- 
tion and the same comments as given for artificial 
leather and books apply also to these materials. 






Bryson, H. C., “The preservation of wood against fungi and 
oo Paint Tech., 1936, pp. 429-31; 1937, pp. 17-20, 
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Solutions of buffers, starch, and similar materials 
which are not to be used with living organisms may be 
protected by a small drop (0.05 to 0.1 ml.) of cinnamon 
oil. Copper sulfate of 0.2 per cent. or stronger has 
been efficacious in some cases, but less so than the cin- 
namon oil. The above concentration of cinnamon oil 
does not seem to have affected the strength of the buffer 
and standard solutions (thiosulfate) in which it has 
been used. No fungicide known to us is safe for solu- 
tions to be used with living organisms and in these 
cases sterilization by heat or proper filters must be re- 
sorted to. 

More or less permanent protection from mold growth 
may come from the incorporation of a suitable fungicide 
with a binder which will hold a toxic concentration on 
the surface to be protected. The cellulosic varnishes 
promise to be of use, and we have apparently stopped 
mold growth on labels by nearly saturating “‘Duron’”’ 
label varnish (American Chemical Products Com- 
pany, Rochester, New York) with Phenox. The only 
other promising material is four or more per cent. of 
a-nitronaphthalene. This percentage in the label 
varnish makes it yellow, but this amount is not enough 
to spoil the appearance of most books when the var- 
nishing is done carefully. 

Until the possible toxic effect of the Phenox, a mer- 
cury compound, is known for humans, great care and 
caution should be used in its application. 

In general, alcholic solutions of fungicides penetrate 
better and leave a more lasting concentration of the 
fungicides. Although spraying with a hand atomizer, 
or with compressed air, may be effective we obtained 
better results from sponging the materials with the 
fungicide. 


SUMMARY 


Eighteen different species of mold grow profusely 
in the Chemical Room of the Marine Biological Labo- 
ratory during the summer when the relative humidity 
exceeds eighty per cent. The molds grow on almost 
everything except glass and metal, and during the 
last five years experiments have been made to eliminate 
the mold growths in order to prevent damage to equip- 
ment and materials. Twenty-one chemicals were 
tested and most of them were ineffective under the 
severe condition encountered. The most promising 
fungicides are thymol, cinnamon oil, a-nitronaphtha- 
lene, and Phenox. Seasonal protection of most ma- 
terials is possible with these chemicals and concen- 
trations are recommended for their use. Longer pro- 


tection may come by combining these or more potent 
chemicals with a suitable binding varnish which will 
hold an effective concentration of the fungicide on the 
surface of the material to be protected. 
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VITAMINS as COENZYMES 


HENRY TAUBER* 


The McLeod Infirmary, Florence, South Carolina 


INTRODUCTION 


ANY years before anything was known about the 
M chemistry of vitamins the interest of biological 
chemists centered around typical biocatalysts 
such as cozymase which was found to be identical with 
diphosphopyridine nucleotide, cocarboxylase with vi- 
tamin B, pyrophosphoric acid ester, hexuronic acid 
with vitamin C, and cytoflav with lactoflavin mono- 
phosphoric acid ester. Some of these substances were 
first known as coenzymes. Coenzymes may be defined 
as heat-stable crystalloidal organic compounds which 
are specific and indispensable components of one or 
more enzyme systems. 
coenzyme are required to complete an enzyme system. 
Enzymes are catalysts which are produced by the living 
cell, but whose action is independent of the living cell, 
and which are destroyed if their solutions are heated. 
Many appear to be of protein nature. Ten enzymes 
have been isolated in recent years in crystalline form. 
They are all proteins (1, 2). 

Some enzymes require minute amounts of activators 
for their activity whereas others require both activators 
and coenzymes. Activators are also heat-stable crystal- 
loids. They may be replaced and, therefore, are non- 
specific; e. g., hydrogen chloride, sodium chloride, and 
hydrocyanic acid. Hydrogen chloride, the activator of 
pepsinogen, converting the inactive precursor into the 
active enzyme pepsin, may be replaced by any acid, in- 
organic or organic. The hydrogen ions are the activat- 
ing factors (2). Sodium chloride, the activator of 
pancreatic amylase (a starch-splitting enzyme), may be 
replaced by any of a large number of salts. The domi- 
nating factors here, however, are the anions. Chlorides 
activate best, whereas sulfates are inert. In the case 


* Present address: Research Laboratory, Johnson and Johnson, 
New Brunswick, New Jersey. 


Only minute amounts of a. 


of the carboxylase system manganese salts are most 
effective. 


THE CARBOXYLASE SYSTEM* 


In 1911 Neuberg (3) discovered that yeasts and 
plants contain an enzyme which decarboxylates a-keto 
acids such as pyruvic acid, converting them into the 
corresponding lower aldehyde; e. g., acetaldehyde. In 
mammals and certain bacteria, however, pyruvic acid 
is oxidized differently than in plants. Decarboxylation 
occurs with simultaneous dehydrogenation (4). The 
enzyme concerned in this reaction is called pyruvic acid 
dehydrogenase. Only in 1932 was it proved by Auhagen 
(5) that carboxylase requires a coenzyme. He has 
shown when brewers’ yeast was washed with an alkaline 
phosphate solution it lost its power to attack pyruvic 
acid and that after the addition of the coenzyme, 
which he obtained in a semipure state from yeast, the 
carboxylase became active again. For full activity, 
however, the addition of a trace of magnesium sulfate 
was required. This was known to be also the case with 
zymase. Auhagen did not study the chemical composi- 
tion of his cocarboxylase in great detail. He knew, 
however, that it was not identical with any of the known 
constituents of yeast and suggested that the substance 
was probably a phosphoric acid ester of an organic 
compound. 

Simola (6) in a paper entitled ‘On the Cozymase and 
Cocarboxylase Content of the Rat Organism in B-avi- 
taminosis’’ reported very important findings which 
pointed to a connection between vitamin B, and co- 
carboxylase. He obtained a sample of Auhagen’s co- 
carboxylase and found that it possessed vitamin B, 
potency on rats. Tissues of rats kept on a vitamin B, 

*It is the author’s aim to point out the interaction of certain 


enzymes with certain vitamins. It should be noted, however, 
that this paper is not devoted to human metabolism only. 
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free diet were poorer in cocarboxylase than those of an 
animal which received cocarboxylase. 
ISOLATION AND IDENTIFICATION OF COCARBOXYLASE 


Recently Lohmann and Schuster (7) have isolated co- 
carboxylase in pure crystalline state and found that it 
is the pyrophosphoric acid ester of thiamine (vitamin 
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The isolation of cocarboxylase from yeast is very 
laborious and difficult. The yield is poor. Only fifteen 
per cent. of the cocarboxylase present in the first extract 
may be recovered. Lohmann and Schuster obtained 
700 to 800 milligrams per 100 kilos of yeast. A few 
micrograms, however, suffice for an enzymic test. 


PROPERTIES OF COCARBOXYLASE 


Cocarboxylase is a very stable compound. Hydroly- 
sis with V hydrogen chloride for fifteen minutes liberates 
one of the two phosphoric acid molecules and the coen- 
zyme becomes inactive. The second phosphoric acid 
group, however, is removed only after five hours of 
boiling with N hydrogen chloride. Hydrolysis with N/10 
hydrogen chloride for sixty minutes inactivates only 
fifty-five per cent. of the cocarboxylase and a correspond- 
ing amount of phosphorus is removed (7). 

Experiments similar to those which lead to the 
chemical identification of thiamine* had been con- 
ducted by Lohmann and Schuster with cocarboxylase. 
They identified the nucleus of cocarboxylase with 
thiamin, and found that in the pigeons’ test cocarbox- 
ylase is almost twice as active as thiamin. 

Cocarboxylase is also the coenzyme of pyruvic acid 
dehydrogenase, and because thiamine cannot be syn- 
thesized and stored by the body a constant supply is 
necessary. In thiamine deficiency pyruvic acid increases 
in the blood, which diminishes very rapidly when the 
vitamin is supplied. At the same time certain patho- 
logical systems also disappear. 


ENZYMIC SYNTHESIS OF COCARBOXYLASE FROM 
THIAMINE 


Shortly after the publication of the paper by Loh- 
mann and Schuster (7) simultaneous and independent 
reports appeared from three different laboratories on 
the enzymic synthesis of cocarboxylase from thiamine. 
Washed cocarboxylase-free dry brewers’ yeast, and 
duodenal phosphatese (8); dry brewers’ yeast with 
hexosediphosphate, and adenosintriphosphate (9); and 
living yeast (10) were employed, respectively. The 
yeast preparations used for the phosphorylation of a 
few mg. of thiamine varied from a few hundred mg. 


*The chemistry of thiamine has been recently reviewed by 
WiiuaMs, R. R., Erg. Vit. Hormon Forschung, 1, 213, 1938. 
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up to ten grams, and, as would be expected, many 
grams of living yeast (11) would phosphorylate faster 
than a few hundred mg. of dry yeast. 

I have shown that a phosphatese of the duodenal 
mucosa of the pig has the ability to phosphorylate 
thiamine. Cocarboxylase formation is considerable 
even in the absence of added inorganic phosphate, 
indicating that autolyzing cells furnish a phosphate 
donator for this reaction (8). After twenty-four hours 
of incubation the cocarboxylase is closely bound to 
the insoluble enzyme protein material and is only re- 
leased after four minutes of boiling (12). The super- 
natant fluids of unboiled samples are inactive. While 
the duodenal enzyme preparation has the ability to 
convert thiamine to cocarboxylase under a variety of 
conditions, the enzyme preparation cannot hydrolyze 
the coenzyme. This indicates that the phosphorylation 
is catalyzed by an enzyme system, phosphatese different 
from the phosphatases which hydrolyze esters of phos- 
phoric acids. Cocarboxylase, however, is rapidly hy- 
drolyzed by kidney tissue. 

Lipschitz and associates (13) constructed a system 
by which thiamine may be very rapidly phospho- 
rylated by dry yeast. Their system includes five micro- 
grams of thiamine, boiled liver extract, hexosediphos- 
phate, magnesium, manganese, phosphate buffer, and 
pyruvic acid. Without pyruvic acid cocarboxylase 
formation, within sixty minutes, is very slight or com- 
pletely lacking. 


INHIBITORS OF ENZYMIC COCARBOXYLASE SYNTHESIS 


I have found (14) that cell poisons such as toluene 
and chloroform, and so forth, completely inhibit the 
action of the enzyme phosphatese. Small amounts of 
toluene, however, do not effect the enzyme carboxylase. 
According to Lipschitz and co-workers (15) 0.005 M 
iodoacetate inhibits completely cocarboxylase forma- 
tion from thiamine by atiozymase. Carboxylase, how- 
ever, is not affected, so that performed cocarboxylase 
may readily be determined by this method. 


ACTIVATORS OF THE CARBOXYLASE-COCARBOXYLASE 
SYSTEM 


Auhagen (5) has shown that similar to cozymase 
activity the carboxylase-cocarboxylase system also re- 
quires magnesium ions for full activity. Lohmann and 
Schuster (7) found that manganese ions are much better 
activators than magnesium ions. Much smaller 
amounts of manganese salts are required to obtain full 
activity. In addition to magnesium and manganese 
salts I have tested a series of other salts and found that 
sodium sulfate, sodium chloride, potassium chloride, 
and sodium cyanide also activate this enzyme system 
whereas sodium nitrate does not (16). Magnesium and 
manganese salts activate best. While sodium cyanide 
activates some enzymes, it inhibits others. Sodium 
cyanide appears to be a good activator of the carbox- 
ylase system. It activates probably because it con- 
verts pyruvic acid into a cyanohydrin (enol). 
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SYNTHESIS OF COCARBOXYLASE FROM THIAMINE 


Stern and Hofer (17) attempted to convert thiamine 
into its pyrophosphoric acid ester by treatment with 
phosphorus oxychloride. While this reagent was very 
useful in the conversion of lactoflavin (vitamin Be) into 
flavin monophosphoric ester (18), which is one of the 
coenzymes of the yellow oxidation enzyme of Warburg 
and Christian, only a very small amount of the thiamine 
could be phosphorylated by phosphoryl chloride. Ap- 
parently phosphorus oxychloride is not an efficient re- 
agent for the introduction of the pyrophosphate group. 
Nevertheless, Stern and Hofer have shown by cata- 
phoretic tests that conversion of the vitamin to its di- 
phosphoric ester took place. I have been able to con- 
vert thiamine completely into the pyrophosphoric acid 
ester by phosphorylation with a mixture of ortho- and 
pyrophosphoric acid (19). The ester was isolated in 
pure, crystalline state (20). Hydrolysis and cleavage 
products have shown that the synthetic product is in 
every respect identical with the natural coenzyme. 

Cocarboxylase may be completely oxidized to its 
thiochrome compound by potassium ferricyanide and 
NaOH. The ferrocyanide produced during the reaction 
may be converted to Prussian blue and measured colori- 
metrically (21). This method may only be used, how- 
ever, in the absence of reducing substances. The thio- 
chrome compound also forms when excessive sodium 
hydroxide alone is added. The reaction is reversed on 
acidification and the cocarboxylase loses none of its 
activity. 

I found (19) that cocarboxylase (10 micrograms) 
gives a yellow color with the formaldehyde-azo-test 
of Kinnersley and Peters (22). Thiamine gives a red 
color. 


SPECIFIC FUNCTION OF COCARBOXYLASE 


It is not known why cocarboxylase is necessary for 
carboxylase activity. I have shown that cocarboxylase 
has a protective action on carboxylase (16, 16a). The 
enzyme carboxylase when freed of its coenzyme be- 
comes very labile. Cocarboxylase prevents it from 
rapid destruction. 


ESTIMATION OF COCARBOXYLASE ACTIVITY 


The ingenious Warburg-Barcroft apparatus may be 
employed in all of the studies described in this paper. 
For carboxylase studies the method of Lohmann and 
Schuster (7) is very convenient. 

It should be noted that the carboxylase, as well as 
the cocarboxylase, content of the various yeasts differs. 
The substrate concentration employed influences the 
reaction very greatly. The carbon dioxide formation 
increases when the substrate concentration is increased. 
For instance 2.5 mg. pyruvic acid will form 46 cmm. of 
carbon dioxide, 5 mg. 75 cmm., and 50 mg. 153 cmm., 
in sixty minutes under the same conditions (16). Nor 
is there direct proportionality between cocarboxylase 
concentration and carbon dioxide formation. The de- 
carboxylation of pyruvic acid is not governed by the 
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coenzyme. If the cocarboxylase concentration is in- 
creased three times, carbon dioxide formation is only 
doubled, after the first fifteen minutes of the experiment. 

Recently Ochoa (22a) found that the action of pure 
(natural) cocarboxylase is accelerated by synthetic 
thiamine and by pyrimidines. This observation ex- 
plains why impure synthetic cocarboxylase preparations 
were found to be just as active as pure ones (16a, 19). 


THE YELLOW OR FLAVIN ENZYME SYSTEM 


In 1932 Szent-Gy6érgyi and co-workers obtained from 
heart. muscle a yellow water-soluble dye which they 
called cytoflav. The dye could readily be reduced to 
the leuco form and reoxidized to its original state by 
molecular oxygen. No evidence, however, was fur- 
nished by the Hungarian workers as to the physiological 
function of the new compound. Shortly after the dis- 
covery of cytoflav, Warburg and Christian announced 
isolation of a ‘‘yellow enzyme’ from bottom yeast. 
The aqueous solutions of this enzyme are yellow and 
become colorless on reduction. The yellow color re- 
turns if the solution is shaken with oxygen. The two 
dyes are very closely related. Cytoflav is lactoflavin 
monophosphoric acid 
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and the yellow enzyme is a combination of this ester 
with a specific enzyme protein. Lactoflavin was first 
isolated in crystalline form from milk by Kuhn and 
co-workers (23) and two years later it was prepared 
synthetically (24). 

Warburg and Christian (25) obtained from red blood 
cells another new coenzyme and an intermediate enzyme 
from bottom yeast. The second coenzyme, the inter- 
mediate enzyme, and the yellow enzyme comprise the 
yellow enzyme system. It oxidizes hexosemonophos- 
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phoric acid aérobically to phosphohexonic acid. The 
second coenzyme contains one molecule of adenine, one 
molecule of nicotinic acid amid, two molecules of pen- 
toses (probable ribose) and three molecules of phos- 
phoric acid. Thus it is a triphosphopyridine nucleotide 
(25). The exact structure of the compound is not yet 
known. This coenzyme is a hydrogen transporter. It 
may be reversibly oxidized and reduced. The inter- 
mediate enzyme is a specific protein and is inactive by 
itself but is necessary for the activity of the coenzyme. 
The intermediate enzyme and hexosemonophosphate 
in the presence of a small amount of coenzyme does not 
react until the yellow enzyme is added. 


MECHANISM OF THE YELLOW OXIDATION ENZYME SYSTEM 


The yellow ferment is an enzyme whose specific 
substrates are the coenzymes (26, 27); e. g., triphos- 
* phopyridine nucleotide (of the yellow enzyme system) 
and diphosphopyridine nucleotide (cozymase). The 
hydrogen is reversibly given off by the pyridine ring 
of the second coenzyme and is taken up by the isoal- 
loxazin ring of the yellow enzyme. The N-atom of 
position 1 and 10, respectively, each combine with one 
H-atom and the colorless leuco compound forms. The 
two H-atoms may be removed again by oxidation and 
the oxidized yellow compound is reformed: 
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The mechanism of the yellow enzyme system may be 
expressed by the following equations: 


(a) Coenzyme + hexosemonophosphate = reduced 
coenzyme + phosphohexonic acid (intermdiate 
enzyme) 

(b) Reduced coenzyme + yellow enzyme = coenzyme 
+ reduced yellow enzyme 
(c) Reduced yellow enzyme + molecular oxygen (or 

cytochrome) = H,O + yellow enzyme. 


While the reduced yellow enzyme may be reoxidized 
by molecular oxygen, in the living cell the reoxidation 
is carried out with great speed by cytochrom C. At 
the O, pressure which prevails in tissues the reduced 
yellow enzyme is only slightly affected by oxygen. In 
this reaction the yellow enzyme system functions as 
an oxidation or respiration system, whereas when it 
transfers hydrogen to other cell constituents (acetalde- 
hyde), via cozymase, we then speak of fermentation. 

The yellow enzyme system may function in the de- 
hydrogenation of the following: hexosemonophosphate 
(yeast and muscle) alcohol (yeast), glucose (liver), 
malic acid (muscle), lactic acid (muscle), citric acid 
(muscle and plants), hexosediphosphate (yeast and 
muscle) and others (26). 

Kuhn and Rudy (28) found that lactoflavin as well as 
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lactoflavinmonophosphoric acid wereactiveascoenzymes 
in the yellow oxidation system or Warburg and Chris- 
tian. The phosphoric acid ester, however, was many 
hundred times more active than lactoflavin. Kuhn 
and Rudy believe that the lactoflavinphosphate forms 
a firmer union with the specific enzyme protein. Lacto- 
flavin can be separated by dialysis at pH 7.0, where- 
as lactoflavinphosphoric acid is split off only when 
solutions of the yellow enzyme are dialyzed against 
HCl (29). Thiamin, unlike lactoflavin, cannot func- 
tion as coenzyme for carboxylase, nor can its monophos- 
phoric acid ester. Only the diphosphoric acid ester is 
able to function as cocarboxylase. 


PHOSPHORYLATION OF LACTOFLAVIN 


Lactoflavin may be converted to the monophosphoric 
acid ester by phosphorus oxychloride (18) or by the 
duodenal mucosa (30). Laszt and Verz4r (31) have 
shown that phosphorylation takes place in vivo. It 
may be inhibited by iodoacetate and in that case only 
the phosphoric acid ester of lactoflavin acts as a vitamin. 


COZYMASE 


Cozymase, the coenzyme of “alcoholic fermenta- 
tion,’’ was discovered by Harden and Young in 1905. 
Shortly after Warburg and associates have shown that 
their second coenzyme is a_ triosephosphopyridine 
nucleotide, it was found in collaborative investigations 
by Warburg and Christian (32) and by Euler, Albers, 
and Schlenk (33) that nicotinic acid amid is aiso a 
part of cozymase and Euler and Schlenk (34) proposed 
the following structural formula for cozymase: 
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DIPHOSPHOPYRIDINE NUCLEOTIDE 


Cozymase also is a hydrogen transporting coenzyme. 
By taking up hydrogen it forms dihydrocozymase. Ac- 
cording to Euler (35) two apodehydrases are necessary 
for the activity of cozymase. In the alcoholic fermenta- 
tion when dismutation between triosephosphoric acid 
and acetaldehyde occurs the following reactions take 
place. 

(a) Coz + triosephosphate — CozH: + phosphoglyceric acid 

(triosephosphate dehydrogenase) 


H 
(b) CozHy + CHyCE > Coz + CH;-CH;-OH 


(acetaldehyde reductase) 
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In vitro the yellow enzyme is able to oxidize reduced 
cozymase and it probably also does so within the living 
cell. 

In alcoholic fermentation cozymase cannot be re- 
placed by any other substance. In its functions as 
coenzyme for certain dehydrogenases, however, it may 
be replaced by the second coenzyme of Warburg (36, 
37). 

Cozymase had been found to be necessary in a great 
number of enzymic reactions of which only a few can 
be mentioned here: hexosediphosphate formation dur- 
ing fermentation by living yeast and by dry yeast, 
phosphorylation by yeast phosphatese, transformation 
of aldehyde by yeast (cozymase = comutase), dehydro- 
genation of hexosephosphate by yeast, fermentation 
of phosphopyruvic acid by apozymase, dehydrogena- 
tion of lactic acid to pyruvic acid, and in the dehydro- 
genation of other metabolites (38). 

Cozymase appears to be an indispensable constituent 
of almost every cell. According to Euler animals can- 
not live without cozymase. Such a deficiency results in 
a general disarrangement of carbohydrate metabolism. 
Animals even partially deprived of cozymase die soon 
without specific changes of their organs (39). Thus 
cozymase appears to be a vitamin. 


VITAMIN C (ASCORBIC ACID) AS A COENZYME 


Ascorbic acid, the antiscorbutic vitamin, takes part 
in several oxidation-reduction systems (39). For in- 
stance, I found that peroxide-peroxidase oxidizes ascor- 
bic acid very rapidly (within a few minutes) if sub- 
stances capable of forming quinones are present (41). 
The quinones are reduced by the ascorbic acid and they 
are in turn reoxidized by peroxide-peroxidase. This 
reaction results in the decomposition of the physiologi- 
cally toxic peroxide. Quinone-forming compounds are 
present in plants (flavones) as well as in animal tissues 
(adrenaline). Besides peroxidase, ascorbic acid also 
reacts with a specific enzyme called ascorbic acid oxi- 
dase, and with phenolases (40). 

Cathepsin, a tissue protease, and arginase (with 
traces of metals) increase their activity on the addition 
of ascorbic acid (42). 

Highly interesting are the observations of Jurewicz 
and Kraut (43) whose work with liver esterase (an 
enzyme which hydrolyzes lower esters such as methyl 
acetate) indicates that ascorbic acid or probably a 
derivative of the vitamin functions as a coenzyme for 
this enzyme. 

These investigators found that certain preparations 
of liver esterase completely lose their activity if di- 
alyzed against dilute hydrogen chloride. The enzyme 
may be reactivated on the addition of ascorbic acid. 
When hydrogen chloride is added directly to the enzyme 
solution its activity remains unchanged. Oxidation 
does not alter the activity of the esterase. Guinea pigs 
receiving daily injections of 10-mg. doses of ascorbic 
acid for ten days showed a considerably greater liver 
esterase concentration than the livers of the control 
animals receiving no ascorbic acid. 


JouRNAL oF CHEMICAL EpucaTION 


The reactivation of the purified liver esterase, how- 
ever, requires about a thousand times more ascorbic 
acid than the amount present in the original enzyme 
preparation (one microgram per esterase unit). From 
this the authors conclude that similar to lactoflavin, 
ascorbic acid may also have to be converted to a more 
active form. Their hypothesis is also supported by the 
fact that reactivation of the inactive enzyme by ascor- 
bic acid requires at least forty minutes. The experi- 
ments of Jurawicz are in harmony with the early work of 
Palladin (44) who found blood esterase greatly de- 
creased in patients suffering from scurvy and with 
recent findings of Moster (45) who found that after oral 
administration of ascorbic acid the blood esterase con- 
centration greatly increased but not the lipase activity. 
Quastel and Wheatley (46) have shown that fatty acid 
oxidation by liver tissues on the addition of ascorbic 
acid may increase in guinea pigs up to two hundred per ° 
cent. 

Pfleger and Scholl (47) made important observations 
on diabetic patients receiving ascorbic acid together with 
insulin. The action of insulin was greatly increased 
by the administration of ascorbic acid. It was possible 
to reduce the insulin dosage and in all the diabetic 
patients there was an increase of tonus and subjective 
improvement. Ascorbic acid alone had a favorable 
effect on the combustion of acetone bodies. In diabetes, 
because of the restricted diet the patients suffer from 
hypovitaminoses resulting in a more defective metabo- 
lism. The administration of pure vitamin C is suggested 
by the authors. 


' VITAMIN A AND CAROTENE (PROVITAMIN A) AS A 
COENZYME 


Recently vitamin A has been obtained in crystalline 
form from liver oil, and it has also been synthesized (48). 
It has the following structural formula: 
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Sure, Kik, Buchanan, and DeWitt (49) presented ex- 
periments which showed that in vitamin A deficiency 
there is ‘‘a marked decrease in the concentration of 
blood serum esterase, an appreciable decrease in hepatic 
esterase, and a marked increase in hepatic lipase.”’ 

Wetzler-Ligeti and Wilheim (50) made a remarkable 
observation concerning the effect of carotene, the pre- 
cursor of vitamin A, on yeast. Carotene has an ac- 
celerating action of the fermentation of glucose by 
bakers’ yeast. The Viennese workers have also shown 





January, 1939 


that the addition of carotene to red cells accelerates 
blood glycolysis. 


VITAMIN D——A PHOSPHATASE REGULATOR 


Many interesting papers appeared on the serum phos- 
phatase regulating action of vitamin D as manifested 
in human rickets (51). The mechanism of this action 
is not known and these changes cannot be reproduced 
in experimental rickets, using rats (52, 53). 


SUMMARY 


Certain chemically known vitamins play important 
and indispensable réles in well-defined enzymic reac- 
tions. Enzymes can be synthesized by the body. Vi- 
tamins cannot. In combination with enzymes certain 
vitamins catalyze the combustion of foods and the 
building up of new cells. This explains, in part, why 
lack of vitamins may result in metabolic disturbances, 
and in protracted and serious deficiency in death. 
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STUDENT PROGRAM FOR THE BALTIMORE MEETING OF THE A. C. S. 


The Division of Chemical Education is arranging a Student 
Session at the Baltimore meeting, similar to the one which proved 
so successful at Dallas. This will consist principally of a series 
of papers by present students of chemistry, graduate, undergrad- 
uate and high-school. Contributions to this program may be 
sent to the Secretary of the Division, N. W. Rakestraw, Depart- 
ment of Chemistry, Brown University, Providence, Rhode Island, 
who asks the codperation of members of the Society in passing 
this information on to students who may be interested in taking 
part. A few of the older members of the Society will also speak 
on subjects of general student interest. The regular Student 


Breakfast will be sponsored this time by the groups of Student 
Affiliates. 

It is to be noted that students may register at the meeting 
at the same rate as members of the Society. Headquarters for 
students will be at the Southern Hotel, Baltimore, where ar- 
rangements have been made for dormitory accommodations for 
them at reduced rates. If students from any one institution 
wish to be quartered together they may make reservations as a 
unit. 

For further information communicate with the Secretary of the 
Division. 





WHICH CHEMISTS SUCCEED 
in INDUSTRY 


N. A. SHEPARD 


American Cyanamid Company, Stamford, Connecticut 


to make good and the characteristics to which the 

failure is attributable have been the subject of 
many speeches and publications by prominent educa- 
tors and industrial chemists. ‘Why Chemists Get 
Fired’’ is the theme of a symposium recently published 
in Chemical Industries. Your speaker might contribute 
some additional points in this same vein, but he prefers 
to adopt the more positive, more cheerful point of view 
of “Why Chemists Succeed.’’ Good chemists are in 
great demand. What qualifications account for their 
success? 

In selecting such a subject I realize that it is likely 
that some of the points emphasized will seem trite, 
completely obvious, platitudinous, and pedagogical, 
but it is strange how many obvious things, which should 
go without saying, pass over our heads. It seems to 
me that we chemists are particularly prone to overlook 
the obvious, simple explanations, always looking for 
complex, far-fetched reasons for things that occur. 
And this holds true not only with respect to the things 
that happen to us personally, but also with respect to 
physical phenomena. If I become “preachy,” overlook 
it as a failing of a one-time professor; if I become pa- 
ternal, discount it as an inevitable result of some twenty 
years of trying to assist chemists to get on the rails and 
keep on the tracks in industrial laboratories. 

It is not my purpose to dwell upon the scientific 
training of the successful chemist. I shall assume an 
adequate groundwork in the fundamental facts and 
theories of our science, and that the successful chemist 
has applied himself assiduously to the task of acquiring 
this knowledge during his undergraduate days and has 
the tools to practice his profession. 

It has been said that the scholar who makes his chief 
aim in college the acquiring of knowledge and under- 
standing to the virtual exclusion of extra-curricular and 
social activities is often a failure in industry. Perhaps 
that is true in some isolated cases, for a successful 
chemist must be a social being. However, I well recall 
the statement of a non-technical production executive 
of a very large company, who after several years of 
active participation in the personnel work of the 
organization said, ‘Give me a man who has made a 
high scholastic record in school. His chances of success 
in a profession are inevitably greater. Our experience 
has demonstrated this beyond question of a doubt.” 


* Read before the Student Group at the Chemical Industries 
Exposition, New York City, December 8, 1937. 


{ive failure of chemists and chemical engineers 


It has been emphasized that the successful chemist 
must be mechanically apt. Mechanical skill is un- 
doubtedly a great asset, yet many very successful 
chemists have been ‘all thumbs’ when it came to 
manipulation and laboratory technic. Unfortunately 
one has manipulative ability or one hasn’t it, and there 
is not much that can be done about it. A chemist who 
can’t “drive a nail straight’ has a real handicap, but 
fortunately skilled hands are quite available and a 
skilled assistant can almost completely offset this de- 
ficiency. 

Are an excellent preparation and mechanical skill 
enough assurance of success? My answer is ‘‘No!” 
What then must he have in addition in order to climb 
to the position of a useful citizen in the profession of 
chemistry? First, in my opinion he must be truly edu- 
cated. You have all heard the slurring comment, 
“He is nothing but a chemist.’”’ What is inferred by 
that? Merely that he is a chemist, to the exclusion of 
everything else. Broadly, he is uneducated, as far as 
other fields of endeavor are concerned. For a success- 
ful chemist is articulate. He must be able to meet 
people easily, express himself clearly and persuasively. 
He must watch that his personality expand and not 
shrink. Contacts, both social and scientific, are wel- 
comed and made part of his daily exercise. 

The successful chemist is not only able to express 
himself verbally, but also on paper. In other words, 
he can handle the English language. He thinks clearly 
and is able to express himself in simple concise English. 
It is pitiful how many men, even those who have had 
the benefit of graduate training, are unable to write a 
clear straight-to-the-point report of their investiga- 
tions, let alone write a good business letter. Some men 
who really are capable of thinking clearly write in such 
a muddled, complicated, verbose style, that it seems 
incredible that they ever think straight. It is difficult 
to find where the fault lies. I have a pretty good idea 
that it is traceable to poor training even as far back as 
the primary schools, with many of our colleges ignoring 
the situation and our graduates assuming that a college 
degree really means that they are educated. Realiza- 
tion of a situation is the first requirement for rectifica- 
tion of it. Many of our so-called “high powered” 
chemists refuse to believe they suffer from this weakness 
and are insulted when their reports are criticized as un- 
grammatical, long-winded, full of irrelevant material, 
and totally lacking in sales appeal. It is a good thing 
for us technical men to make it a point to do some read- 
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ing of the non-technical classics and of the best of the 
contemporary writing regularly. Even newspapers 
are helpful; I have sometimes doubted that some of our 
chemists read even these! 

The successful chemist is codperative. He realizes 
that group activity is productive of greater results than 
he can hope to obtain by individual effort. True, 
certain geniuses may be able to accomplish great things 
though almost hermetically sealed from fellow workers, 
but unfortunately most of us are not geniuses, and we 
need the constant encouragement, help, and stimulation 
of sympathetic fellow workers. I attribute the success 
of many contemporary chemist friends of mine to their 
ability to get on smoothly with those with whom they 
come in contact, both technical and non-technical men. 
Many a successful industrial chemist owes his rapid 
advance to the help given him by his fellow chemists, 
by the foremen, and practical men in the plant. And 
how is such coéperation obtained from one’s fellow 
workers? I believe unselfishness a prerequisite to 
complete codperation. It breeds an attitude of helpful- 
ness that is contagious. When self is put in the back- 
ground, and attaining success in a project regardless of 


who gets the credit, is the objective, things begin to move, . 


and the way is paved for success. It is amazing how 
many chemists keep self so much in the foreground that 
they stumble over it, and trip. I have known chemists 
who ponder their every word to be sure they will not 
emit an idea which might be picked up by another 
chemist and “‘stolen.”” We are inclined to be suspicious 
animals, jealous of our thoughts and ideas, and fearful 
that someone else may get credit that is ours. Why, I 
once had in my employ a chemist, who was so afraid 
that someone would steal one of his ideas that he com- 
mitted every idea to paper (an excellent idea in itself 
and desirable from a patent standpoint) and then had 
a fellow chemist who was a notary public sign and seal 
the document. Was that man a successful chemist? 
Far from it; he lasted less than two years. I am not 
advocating blind trustfulness in others, but straight- 
forward dealing with those with whom we work. It is 
my experience that that attitude brings rewards, both 
technical and financial. 

The successful chemist is honest—absolutely honest, 
both intellectually and personally. The world has no 
place for a dishonest man in any field, but least of all in 
scientific work, and such a one soon drops out of the 
picture as a useless appendage on the profession. The 
schemer, the conniver, the ‘‘slippery’”’ person soon finds 
his level in insignificance or oblivion. 

The successful chemist is loyal—loyal to his profes- 
sion, loyal to his employer, loyal to his superiors, loyal 
to his co-workers, and loyal to those beneath him in 
rank. Lack of loyalty is a common fault in chemists, 
and especially despicable in an industrial organization, 
where groups of men must work together in harmony. 
The chemist who dwarfs his own productiveness by 
crabbing about his boss, his corporation’s policies, his 
co-workers, his salary, and so forth, is a pest, and as 
such is soon exterminated. Loyalty builds up morale, 
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does not stoop to malicious, unfounded gossip, and 
smooths the none-too-easy path of the industrial chem- 
ist. Unfortunately the Bolshevists are not all in 
Russia! 

Again, reverting to my experience, I once had a 
chemist in my employ whose greatest delight was to 
get the ear of the young student chemists who entered 
our employ, and tell them all the bad things he could 
about the director, the division group leaders, the com- 
pany, and so forth, in other words ‘‘spill all the dirt.” 
While the young man soon learned what was fact and 
what was fiction, his morale suffered at least tempo- 
rarily, and progress was slowed up. And strangely 
enough the perpetrator of this idle gossip failed to see 
any disloyalty in his deportment. 

The successful chemist is a hard worker. There is no 
surer truism than that “‘there is no substitute for hard 
work.” He does not skin in in the morning, splitting 
the last minute before the official starting time, nor is 
he all washed up ready to leave the instant the clock 
indicates the closing hour. Successful men in all fields 
pay the minimum of attention to the clock as a dictator 
of the start and finish of the working day. And es- 
pecially is this true of the chemist. It is amazing how 
many mediocre chemists will not start an experiment 
at four o’clock in the afternoon lest it might run over 
until five-thirty before it could be left. No eight-hour 
day is long enough for the chemist to complete the work 
for his employer and to keep abreast of the literature of 
and advances in his profession. 

I do not mean to infer that the successful chemist 
must be a drudge. Far from it! One seldom finds a 
really successful chemist who is a hermit, who never 
plays, who frowns on activities having no immediate 
bearing on his work, and who has no hobby. Recrea- 
tion is especially necessary for the scientific man, and 
non-technical contacts are essential to his progress. 
The very nature of investigational work is such as to 
foster individualism, and the successful chemist con- 
stantly fights to keep his interests broad and his view- 
point fresh and clear. 

A successful chemist is sales-minded. This applies 
alike to the research chemist, the sales service man, and 
the technical service chemist or engineer. He has to 
sell himself as a satisfactory, trustworthy representative 
of his organization. He has to sell his ideas and his 
discoveries. And, emphatically, immaculateness in 
dress and cleanliness of person are not incompatible 
with sound chemical judgment. Baggy breeches, un- 
shined shoes, and an unshaven face are not indicative 
that a man is a good chemist, or good at anything else. 
The successful chemist is reasonably careful of his 
personal appearance. 

The successful chemist is open-minded. Until ex- 
periment has shown to the contrary his attitude toward 
a problem is that it can be solved. A pessimistic 
“can’t-be-done” attitude is not that of a successful 
chemist. 

Obviously, the successful chemist has imagination 
and initiative, is an alert, clear thinker, is inquisitive, 
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and has common sense. These attributes are of prime 
importance. That they have not been discussed earlier 
in this paper is not because they are not considered 
most important, but because one has them, or one 
hasn’t them, and if the latter is the case, there is not a 
whole lot that can be done about it. 

In closing, I want to emphasize that the successful 
chemist is usually an extremely happy person, 7. ¢., 
barring causes for unhappiness outside of his profes- 
sional activities. He is happy because of his love for 
the science, and this happiness has a marked effect upon 
his success. Most of our really successful chemists and 
chemical engineers radiate happiness. And why should 
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it be otherwise? Is there any greater fun than being in 
creative work, in a field of endeavor that has brought 
boon after boon to mankind? In a profession that, in 
codperation with the other natural sciences, is solving 
nature’s mysteries, discovering cures for the ills of 
humanity, and making the world a better place to live 
in? It is a great thing to be a chemist—a successful 
chemist! Examine your inner self, look over your ex- 
terior self, determine where your weaknesses lie, and 
then do something about the situation. Your potenti- 
alities for good are too great to just drift. You have 
been educated, at least partially, at public expense. 
Find out how to increase your ability to pay that debt. 





WHAT SHALL I DO with 
MY EXCEPTIONAL STUDENT? 


R. W. WOLINE 


Community High School, Gillespie, Illinois 


WELL-EDUCATED layman recently criticized 
the school system because it was satisfied to 
turn out “average” students. It is a severe 

indictment against the school system that we teach the 
average students and make so little provision for su- 
perior students. It is disturbing to have an outsider 
tell us that the American schools are more proud of 
their ‘‘averageness”’ than they are of their superiority. 

I have read articles, listened to speeches, attended 
education classes in college, talked with instructors in 
other fields as well as science, had discussions with 
my principals and with other educators whose opinions 
I hold in highest regard; but I am still undecided what 
to do with my “extreme” students. By extreme I 
mean those in the upper portion of the upper quartile 
and those in the lower part of the lower quartile. My 
belief is that most of us teach, to the average group. 
Consequently, we turn out many average students, 
a few failures, and a few superior students. If there 
is any emphasis toward either extreme, I believe that 
most of us put more emphasis on the lower group than 
on the upper group. 

Now what can I do about it? How can I care for the 
“extremes” in my classes? Some of the recommended 
devices are: maximum and minimum assignments, 
supplementary work, projects, club work, workbooks, 
work after school, unit method, progress at the students’ 
own speed, outside reports, scrapbooks, research topics 
and problems, library work, motivation charts, and so 
forth. These are all helpful and are called upon in my 
daily class work. 


The purpose of this paper is to present still another 
means of providing for superior students. By superior 
I do not necessarily mean superior in ability to master 
textbook material, or in ability to rank always among 
the upper group on test grades. I do not mean the 
“smart” student, but rather one who is willing to ex- 
ert himself to get the most from the course. 

These students are used as assistants in our science 
department. We have a regular student staff, called 
the ‘‘Science Department Staff” and known all over j 
the school as such. This staff serves two main pur- 
poses. Primarily, it gives these science students more 
contact with the science department, science material, 
and helps to keep them busy. Call it ‘“‘busy work’ if 
you please. Secondarily, it relieves me, as instructor, 
of many little jobs which have to be done and which the 
average science instructor finds difficult to get done be- 
cause of lack of time. 

The rest of this paper will be devoted to a detailed ex- 
planation of my procedure in handling this staff. If 
this explanation should give some other instructor an 
idea, should corroborate some other instructor’s present 
method, or should bring critical communication to me, 
the time and space used in presenting this paper will 
not be wasted. 

A few assistants are generally carried over from year 
to year, but these are not necessarily sure of their ap- 
pointment at the beginning of the new school year. 
After a few days of school have gone by, I issue a verbal 
and bulletin-board invitation to all of my students to 
make a written application, indicating that they would 
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like to be on the Science Department Staff. The quali- 
fications regarding each candidate, the duties he or she 
will be expected to handle, and the rewards are listed 
along with this invitation. These are as follows: 


Qualifications: 


1. Must be enrolled in a science class. 

2. Have a fairly good scholastic record. (No 
definite limit set up here. One of my best as- 
sistants, profiting most, is only a C or D stu- 
dent.) 

Must have parents’ and principal’s consent. 
(This prevents possible unpleasant relations 
in the future.) 


Duties: 


Must be willing to work. 

Must be willing to spend some time after 
school hours in the laboratory, and occasion- 
ally on Saturdays. 

Must not neglect other school work for this 
work. (In other words, this plan operates 
in the same way as the eligibility system for 
athletes.) 

Must be willing to codperate, to take orders, 
and to do rather unpleasant jobs occasionally. 


Rewards: 


1. Absolutely no credit toward the science 
grade. (Some of the work is not all scientific 
in nature, so why should the science grade be 
raised ?) 

Satisfaction to be gained from a job well done. 
Prestige. (This appointment is sought after 
by more than can possibly be handled, and the 
appointed students are respected as ‘Science 
Department Assistants.’’) 

A monogram which will be awarded at the 
Honor Assembly in the Spring or at a Special 
Assembly put on by the Science Department. 
(These monograms can be secured for seventy- 
five cents to one dollar at any athletic supply 
house. They are prized very much by the 
students.) 


After studying the applications, looking up scholastic 
records, checking up on other activities the student 
might have, and after discussing the applications with 
my principal, the selections are made. I try to consider 
very carefully how much this work will benefit the par- 
ticular applicant. Is he capable, is he willing, does he 
have time, will it make him a better individual, will he 
add to—at least hold up—the present departmental 
Standards? If he meets most of these points, he is se- 
lected. This year ten students were selected, and in 
addition there is one post-graduate boy who is not tak- 
ing any regular work and is paid a small amount of 
money through the NYA. 

Definite duties are assigned to each assistant, and 
they understand that these duties are their own re- 
sponsibility and no one else’s. It is remarkable how 
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well these jobs are done. They seem to take pride in 
doing their particular job better than the others. There 
certainly is a good-natured spirit of rivalry among them 
and also good-natured “‘razzing’’ when someone slips up. 
We seldom have any dissatisfaction, and when we do, it 
can always be ironed out if a little tact is exercised. One 
thing I am careful about is to emphasize that very few 
of the duties are “‘must” jobs. The jobs are arranged 
so that they can be done at the student’s convenience. 
This is possible in most cases; however, one can see 
that there would be a few necessary exceptions to this 
rule. 
The definite duties assigned are as follows: 


Student A: Keep dispensing room in order. Keep 
glassware in two reserve cabinets 
clean. Handle chemistry dispensing 
room on alternate laboratory periods. 

Student B:.Get materials ready for chemistry ex- 
periments. Handle chemistry dispens- 
ing room on alternate laboratory 
periods. 

Student C: Same as student B. 

Student D: Handle dispensing room on alternate 
days. Help keep the apparatus clean. 

Student E: Keep record in the record book of ex- 
periments and other papers as they 
are OKed by me. File these papers in 
the students’ “‘return file.” Do other 
record keeping for me and also some 
typing. 

Student F: Type all correspondence, bulletins, 
supplementary material, and handle 
other typing. Also do various chemi- 
cal demonstrations for the biology in- 
structor. 

Students G, 

H, I, J: All help to get physics apparatus ready 
for experiments. Keep physics ap- 
paratus in order. 

Student G: Keep basement storeroom in order. 

Student H: Run still for distilled water. 

Student I: Help on “Test analysis’ sheets. 

Student J: Keep basement storeroom in order. 

Student K: (NYA student) Handle Visual Educa- 
tion duties for the school. Help in 
laboratory. 


In addition to these duties which are each assistant’s 
own responsibility, there are various other duties: 
helping with the inventory, correcting objective tests, 
making out test-analysis sheets, doing some of the 
mathematical part of the assigning of letter grades to 
numerical scores (according to the method as outlined 
on page 123 of “Construction and Use of Achievement 
Examinations” by Hawkes, Lindquist, and Mann), 
dusting shelves and bottles, polishing apparatus, help- 
ing general science students who come to the laboratory 
after school to do extra work, and helping other students 
who want extra help in their course work. 

The reader has probably wondered if some of the 
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assistants do not handle more duties than others. 
This often happens because of the other extra-curricu- 
lar activities the student may have and because of dif- 
ferences in the ability of the assistants to get things 
done. It is not intended that this work shall keep any 
student out of athletics, music, dramatics, and so forth. 
neither is it intended that a student should try to do 
more than he is capable of doing well and still keep his 
course work up to par. Iam still old-fashioned enough 
to believe that his four academic subjects are his pri- 
mary reasons for being in scl »ol. 

The reader has also probably wondered if some of the 
duties are not unscientific in nature, for example, the 
typing and record-keeping. Some of the applicants 
applied, more or less specifically, for this “commercial” 
type of work. They are ‘commercial’ students; 
hence, this is where I use them. They elected science 
as a subject only to round out their schedule properly 
and to secure a balanced training. 

There are two other criticisms the reader may have 
raised in his mind. First, is the student being ex- 
ploited? Toa certain extent, yes. This is made clear 
to the student when he first applies. However, he 
feels that since he actually is having a part in run- 
ning the department that the department is ‘‘ours’’ 
and not mine. It seems to me that this one advantage 
more than overcomes the disadvantage of possible ex- 
ploitation. Secondly, does it not require a lot of my 
time to train these students? Again the answer is yes, 
but it is my belief that this time is well invested, as the 
assistants get a type of training they could not secure 
in any other manner, and because this system yields 
interest in the time saved for me after the students are 
well-trained. 

Now does this method yield results that are worth- 
while? If it does not, it should not be used, as we have 
no time in school for methods which do not yield valu- 
able results. I sincerely believe that it does. It pro- 
vides these students with an outlet for their surplus 
energy and ambition. I am not sure, yet, if it is the 
best outlet, but it does provide an outlet. It gives 
these students a certain prestige and poise among their 
fellow students. We all know that we get a certain de- 
gree of satisfaction from the knowledge that we had a 
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job to do and that we did it well. It gives these stu- 
dents a better acquaintanceship with, and knowledge 
of chemicals, apparatus, experiments, applications of 
laws and theories, and so forth, than they would get 
without this experience. It gives these students some 
idea of the value of keeping neat, systematic records 
and the value of an orderly science department. It 
helps to develop a systematic method of thinking. It 
helps to make them think, because often a job is as- 
signed to a student by explaining the results we must 
have, and then the student attains those results by his 
own method. Occasionally, the student uses some 
very devious methods, but the important point is that 
the student got the desired results, and he did it him- 
self! It helps to develop a feeling in the student that 
he is a vital and necessary part of the department. 
He feels that a failure on his part is a discredit to the 
entire department and that success on his part is a credit 
to the whole department. 

This scheme helps to develop leadership. These 
students would generally be the leaders of their cliques 
anyway. This provides a way for them to exercise 
that leadership. It develops coéperation and the 
ability to work and to get along with other students. 
The staff, and students, are encouraged to offer sug- 
gestions for the improvement of the department. 
Often these suggestions are very good. They feel that 
it is their department as well as mine. 

From the general results that this system seems to 
give, I believe it is very worthwhile. Of course, my 
opinion is very subjective, but as I have not been able 
to devise an objective method of testing the results, it is 
necessary to rely on subjective opinion. 

If any of the readers have used or are using a system 

similar to this, I would enjoy receiving communications 
from them and also any criticism from other readers. 
_ Dr. D. E. Wobbe, former head of the Department of 
Chemistry at Iowa Wesleyan College, should receive a 
word of credit for the experience I received under him 
in a similar type of assistantship while I was an under- 
graduate. Credit is also due Mr. L. E. Dodge, my 
predecessor, who had a student staff started here at 
Gillespie, and also to Mr. E. J. McNely, my principal, 
for his whole-hearted codperation. 





An EXPERIMENT on LIQUID- 
VAPOR EQUILIBRIUM for a 
TWO-COMPONENT SYSTEM’ 


ARTHUR A. VERNONTt 
Rhode Island State College, Kingston, Rhode Island 


COMMON and useful experiment in a physical 
chemistry laboratory is one which demonstrates 


* Presented before the Division of Chemical Education at the 
ninety-fourth meeting of the A. C. S., Rochester, N. V., Septem- 
ber 6, 1937. 
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usual system which is recommended is the HCI-H;0 
combination. This system is easy to use but has the 
difficulty that only one part of the curve can be deter- 
mined since solutions containing a percentage of hy- 
drochloric acid greater than that of the maximum boil- 
ing mixture are very difficult to handle. 

In order to develop a suitable experiment of this type, 
several systems were investigated. The one which 
seemed most promising was the formic-acid water 
system, and it is the purpose of this paper to describe 
the experiment using these components. 

It is necessary to boil two solutions and approach the 
maximum boiling point from each side. The weak 
acid solution should contain about twenty per cent. 
by weight of formic acid while the strong acid solution 
should be about ninety-five per cent. by weight of for- 
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mic acid. The latter solution can be obtained from the 
formic acid available from supply houses, which is 
ninety per cent. by weight, by drying with anhydrous 
copper sulfate or boric acid anhydride.' An ordinary 
distillation set-up is used, and the flask should con- 
tain at the start approximately 400 cc. of the strong 
acid solution for the first distillation. For the second 
distillation the flask should contain about 750 cc. of 
the weak acid solution. In each case glass beads 
should be used to prevent bumping. 

The experiment with the high acid solution is carried 
out by bringing it to a boil, discarding about 15 cc. and 
then collecting a 10-cc. sample for analysis. The tem- 
perature should be read at the start of the sampling and 
at the end. The average of the two readings is then 
used as the average temperature of the sample. Im- 
mediately after the 10-cc. sample is collected, the flame 
should be removed and the liquid allowed to cease boil- 


: * WEISSBERGER AND PROSKOWER, “Organic solvents,’’ Oxford 
University Press, Oxford, England, 1935. _ 
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ing. Then a sample from the flask should be removed 
with a pipet to the end of which is attached a suction 
bulb. Thus a sample of the liquid and vapor are 
available for analysis. The thermometer should then 
be replaced and enough solution distilled over to raise 
the temperature of boiling about 0.2°C. A second 
sample of vapor and liquid should then be obtained as 
before, and the process of boiling repeated. In this 
way seven or eight samples may be obtained and the 
last should be at the maximum boiling point. These 
samples are then titrated with standardized 6 N sodium 
hydroxide. 

The determinations with the low acid solution should 
be carried out in the same general manner except that 
the solution should be distilled between each sample 
until the boiling point has been increased by approxi- 
mately 0.5°C. This method will give eight or nine 
samples with the last at the maximum boiling point. 
The amount discarded will vary from nearly 200 cc. at 
the beginning to about 15 cc. at the end. The first few 
samples obtained in this distillation should be titrated 
with standardized 1 N sodium hydroxide while the last 
few samples will require base which is 4 or 5 normal. 
If students work in pairs, both distillations can be per- 
formed at once, but it is not desirable to make the ex- 
periment shorter by using less solution because super- 
heating of the vapor must be avoided. It has been the 
experience in this laboratory that students tend to dis- 
til the solutions too fast with consequent superheating 
of the vapor, and this is the only real source of error 
in the experiment. In such work it is also necessary to 
calibrate the thermometer with boiling water. In the 
figure the results are plotted of a distillation experiment 
which was made for purposes of check on student re- 
sults. The thermometer was calibrated, superheating 
was avoided, and the best accuracy possible maintained 
throughout so that the curve is based on as accurate 
data as this method will produce. The maximum 
boiling point is at 107.1°C. and at a composition of 
43.3 mol per cent. of water.?. This is another advan- 
tage of the system since it brings the maximum in the 
curve in the center of the graph and not to one side as 
in the case of the hydrochloric acid—water system. 

The test of any experiment is how well it works with 
a class, and to that end this experiment was given to a 
group of seniors majoring in chemistry. The results 
were very satisfactory, and so it is felt that the experi- 
ment can be recommended for a physical chemistry 
laboratory course. The deviations from the true val- 
ues should not be more than five per cent. 


SUMMARY 


1. An experiment is described which demonstrates 
the liquid-vapor equilibrium for a two-component 
system. 

2. The boiling point composition diagram for the 
formic acid-water system is shown. 


2Tnternational Critical Tables,’’ McGraw-Hill Book Company, 
New York City, 1928, Vol. 3. 





Lhe CHEMIST at WORK 


ROY I. GRADY anv JOHN W. CHITTUM 


The College of Wooster, Wooster, Ohio 


XXV. THE TEACHER OF HIGH-SCHOOL CHEMISTRY 


MARTIN V. McGILL 


Mr. McGill has been teaching in the Lorain, Ohio, 
High School since 1919. He takes a very active interest 
in the Northeastern Ohio Chemistry Teachers Association 
and is the present Chairman of the Division of Chemical 
Education of the American Chemical Society. 

That he is one of the more progressive high-school 
teachers 1s shown by the fact that he has contributed 
articles to chemical journals, is joint author of ‘‘Chem- 
istry Guide and Laboratory Exercises’’ and, in collabora- 
tion with Dr. B. S. Hopkins of the University of Illinois 
and others, has recently written a high-school text which 
will be off the press soon. 

Mr. McGill attended Oberlin College and was graduated 
from Michigan State College. 


+++ + + + 


I like to teach chemistry. I think if it had been some 
other subject I should have liked it just the same; 
in fact, I did start teaching agricultural subjects. It is 
my philosophy that there is no substitute for work, but 
I believe that individuals gain their goal by the appli- 
cation of work in many different ways. 

Early in my teaching career, a lad, who was an in- 
dividualist and is now a successful physician, was a 
wide reader on every imaginable subject, always in- 
tensely enthusiastic about some one thing, only to find 
a few months later that his interest had shifted to some- 
thing else. The caliber of his high-school work was 
rated only medium. Once a teacher who required a 
great deal of written work took him to task because 
some assignment was not in. The final statement of 
the teacher was, ‘Well, I do not care what you know 
about it is what you do that counts.” 

In chemistry I use a “workbook” as a means to an 
end, and not as the end. Much of the work is checked 
over for the pupil’s benefit, but very little of it is 
ever graded. At the beginning of the year we go over 
several ways in which chemistry may be studied. The 
necessity of having large classes has brought the ob- 
jective test—and it is so easy to overdo the use of this 
type of examination. Large classes have also had 
much to do with the elimination of the formal recita- 
tion. It is necessary, therefore, that each teacher of 
chemistry use discussion, recitation, quiz methods, 
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and other assigned work wisely so that he may say, ‘I do 
not cere by what honest means you are able to secure 
your knowledge of chemistry; rather it is what you 
know about chemistry that counts.’’ And I maintain 
the latter will result in more pupils attaining the goal 
of the seven cardinal principles than will be secured 
through the attitude of the teacher previously de- 
scribed. 

For many years it has been our custom to teach our 
first-semester chemistry classes “run of mine.” In the 
second semester, however, segregation is made on the 
basis of accomplishment in the first semester. This 
results in one good class, one very poor class, and the 
rest ‘“‘medium.’”’ The ‘fast’ class works on a very 
different schedule; very thorough work is expected, 
additional assignments are given, more hours are 
spent in the laboratory, and comprehensive tests of 
the essay type are given at least three times during 
the semester. Considerable work on acid ion analysis 
and some of the metal analysis is given. The “slow” 
class is taught by the demonstration method entirely, 
their assigned work is more definite and more closely 
checked. This group, as a rule, cannot make “grades” 
on tests and are not talkers, so daily work must count 
for much. Very little attention is paid to equation 
writing and problem working with this group, for few, 
if any, will ever attend college. 

In the last two years textbooks, which give a very 
general one-year course in the applications of physics 
and chemistry, have appeared on the market. Where 
enrolment in these subjects is large enough, the ‘‘slow” 
group, which is often taking the science for credit only, 
can be selected at the beginning of the year for this 
one-year course. We base the selection of this group 
upon a placement test, pupil’s I.Q., and general grade 
average in high-school work. 

While it is true that a great deal of work about a 
chemistry department can be relegated to students, 
the teacher must supervise. Very few pupils ‘‘see” 
work to be done, and they will not take the initiative. 
The question of how much checking of other pupils’ 
work should be done by student aid is sometimes 
puzzling, but the writer feels that all written work on 
which the teacher places emphasis should be graded 
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by the teacher. Another puzzling matter that con- 
fronts the chemistry teacher is the making up of work 
missed through absence. There seems to be, to the 
writer, a gradual growing of indifference on the part 
of both teacher and pupil as to the need for making up 
one to three days of absence, unless a special test is 
missed. 

A chemistry teacher need not have a great desire for 
research in chemistry, but he must have a sense of 
orderliness and attempt to instil into the minds of 
his pupils a natural, or perhaps acquired, bent toward 
consistent and correct laboratory technic. He must 
learn to order and maintain a supply of chemicals and 
equipment that does not have the appearance of an 
overstock or a woeful lack. 

Perhaps one of the hardest things an experienced 
chemistry teacher finds to do is to study the daily 
assignment. Familiarity with the text, the intermixing 
of laboratory and class work, the inability to keep 
various sections together all tend to keep the teacher’s 
mind on the unit of material or specific problems, rather 
than on the work of the day. The result is that one 
often faces the class with no clear-cut idea of what the 
class is to accomplish in that particular period. But 
most of us have read and heard so much of interest in 
chemistry that it is all too easy to ramble on and fill in. 

Each teacher must secure coéperation of his classes 
and obtain results in his teaching through his own 
efforts. There are two other teachers in our chemistry 
department. I could not use their methods, and I am 
sure that they would not choose to select my method as 
theirown. The only thing that is common in chemis- 
try teaching is the subject matter. 

The writer would give this advice to the young 
teacher who would become satisfied to the point of 
pride with his work in the laboratory. Learn early 
in your career—and it will be a hard task—that the 
responsibility of knowing what to do in the experiment 
rests upon the pupil. Only then can you, as teacher 
and guide, be constantly moving about the laboratory, 
putting questions to the pupils and getting them to 
be ever on their guard to know the ‘‘why” as well as 
the “how” and “what’’ of the experiment they are 
performing. 

Nor is all the chemistry teacher’s time spent in 
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laboratory and class work. Fortunate is that teacher 
who does not have the usual duties of home-room 
teacher, responsibilities which vary largely with the 
type of school organization in which one teaches. 
For several years the writer acted as guidance director 
of the thousand boys in his school, but experience has 
shown that the classroom teacher is in a much better 
position to do effective guidance. Of course, we are 
not turning out chemists, but what teacher does not 
look back with pride to the ‘‘chemists’’ who had their 
preliminary training under him? 

For nearly twenty years, chemistry or science clubs 
have been developing and offering an outlet for the 
enthusiasm of certain students in science. The 
writer, in 1921, started a chemistry club with three 
objectives: to give an opportunity for student expres- 
sion in something in which he is interested; to bring 
to the club outside speakers who can present to the 
pupil a practical, outside-the-classroom atmosphere 
on a chemical or related subject; and to visit chemical 
or closely related industries in the vicinity and see the 
operations of the plant at first hand. Much better 
results come if the membership in such a club is not 
too large and is open only to good students who are 
particularly interested in chemistry, medicine, engi- 
neering, or similar vocation. 

Many teachers cannot see the advantage in belong- 
ing to professional organizations (chemical). There 
is little advantage if one does not take an active part, 
for one gets out of a chemical organization just what 
one puts into it. However, the association with cther 
teachers of chemistry and chemists is wholesome, and 
one may gain much. The American Chemical So- 
ciety has much to offer, but high-school teachers will 
not realize this until they become actively identified 
with it. 

The chemistry teacher must read and keep up with 
the current happenings in his science. In high-school 
chemistry, at least, a teacher may be successful in 
getting across to his pupils the foundation they require, 
even if his knowledge of chemistry is rather limited, 
provided he teaches enthusiastically and appreciates 
the limited capacity of those in front of him when it 
comes to highly technical and specialized phases of 
chemistry. 





XXVI. 


THE COLLEGE INSTRUCTOR 


SPENCER C. STANFORD 


The duties of a young college instructor are presented 
by Dr. Spencer C. Stanford of the Chemistry Department 
of the College of Wooster. He received the B.S. degree 
from the Massachusetts Agricultural College and the 


M.S. and Ph.D. degrees from the Western Reserve Uni- 
versity. Hts major interest is in physical chemistry. 

Before he accepted his present position, he had had three 
years’ experience teaching college chemistry. 
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My position is that of instructor in a college with 
an enrolment of about a thousand students. Specifi- 
cally, my duties are to teach physical chemistry, two 
sections of general chemistry, and to have charge of 
the laboratories in general chemistry, chemical princi- 
ples, and physical chemistry. 

It will be necessary to describe a typical week to give 
one a full idea of the work. Monday morning is 
given over to classes. A section of general chemistry 
meets the first hour. This course is perhaps the most 
interesting to teach, because the wide scope of its 
subject’ matter keeps one informed in the various 
branches of chemistry. At the same time, the large 
amount of material makes the course the most difficult 
of presentation, for it is perplexing to know just what 
to omit and what to include. The teacher’s chief 
duty in this course is to try to arouse the student’s 
interest, to present effective methods of study, and to 
attempt to show the student the broad relationships 
that exist so that he will be more apt to understand 
and less inclined to memorize the lesson. The more 
information that one has at hand the better, for the 
untrained student at times asks very far-reaching 
questions, which would be difficult to answer with the 
material at hand in the text. 


The class in physical chemistry is held the second 
hour. Perhaps the greatest difficulty that the young 
teacher has with this subject is in presenting the neces- 
sary mathematical derivations intelligibly. As a 
student, the teacher may have found these derivations 
very simple, but to present them to a class in an intelli- 
gible manner is a very different thing. It would, 
therefore, seem wise for the prospective teacher to 
study mathematics with a view to presenting it to 
classes later on, rather than for the purpose of applying 
it alone. Another thing that the student might do 
would be to pay special attention to those parts of the 
subject which are difficult for him and to attempt to 
find simple but adequate explanations, for undoubtedly 
it will be just these things that he will be called on to 
explain later when he is teaching. 


Chapel is held each day from ten until ten-thirty. 
This period gives one the opportunity to relax for a 
while and hear the many good programs that are pre- 
sented. Immediately after chapel the second section 
of general chemistry meets. This section is easier to 
teach since one knows from the first hour those parts of 
the assignment which are the most confusing, and has 
had time to perfect better explanations. Since this 
is the second time on the same assignment, one has to 
guard against skipping over the lesson too briefly. 


Monday afternoon is spent in getting the laboratories 
ready for the next day. We have several assistants 
who do most of the actual work of preparation, but 
it is my duty to give them instructions as to the ma- 
terials needed, and, above all, to check to see that 
everything is done correctly. From time to time 
students come to the office for help or advice. Since 
their questions may cover nearly the whole field of 
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chemistry, one must develop a certain mental agility 
to be able to answer them readily. 

Monday evening is often spent in the preparation of 
lectures. Briefly, this consists in outlining the text, 
anticipating parts which may prove difficult for the 
student, and, since no one text is entirely satisfactory 
to every instructor and for all groups of students, it is 
often necessary to expand on the subject matter of 
the text. The last two phases are cared for by supply- 
ing material from one’s own experience, from other 
texts, and from the chemical journals. If the lectures 
have been prepared previously, the evening may be 
spent in reading the recent chemical lecture, other books, 
or in attending social events, as the case may be. 

One section of the general chemistry laboratory 
meets on Tuesday morning. At the beginning of the 
hour the students assemble in the lecture room and are 
given a brief lecture on the experiment or perhaps 
a demonstration of the technic to be used where such a 
procedure seems necessary. There are two student 
assistants to help in the laboratory. During the labo- 
ratory period it is my duty to train the assistants in their 
work so that later, when they go to graduate school, 
their work as laboratory instructors will be more satis- 
factory, to ask questions testing the student’s under- 
standing of the experiment, to give the students neces- 
sary aid in setting up apparatus and in interpreting 
their results, and to watch constantly to see that the 
students learn to use the proper technic in performing 
their experiment. Especially must one keep watch 
to see that there are no accidents and, if any occur, 
one must see that the proper treatment is given im- 
mediately so that the institution’s responsibility is 
fulfilled. 

Tuesday afternoon the second section of general 
chemistry and a section of chemical principles meet in 
different laboratories at the same time, so the after- 
noon is spent in going back and forth between the two 
laboratories, giving help where it is needed. Here 
again, one must have the mental agility mentioned 
previously, since the subjects are so different in their 
scope. 

About once in every four weeks an hour examination 
is given. It so happens that they come during this 
particular week which I am describing. So it is on 
Tuesday evening that examinations are made out to be 
given the next day. This is perhaps the most difficult 
task that the young teacher has, for the questions 
must be truly representative of the material covered. 
One must be sure that the questions are distributed 
according to the relative emphasis given to the material 
in the classroom, that the questions are not too diffi- 
cult, that they are stated clearly, and that they may be 
answered in the time allotted. 

On Wednesday morning the hour examinations are 
given in all classes. In the afternoon the final section 
of general chemistry laboratory is held. The evening 
is spent in correcting examinations. Although the 
task of grading examinations is sometimes monotonous, 
still there is pleasure to be derived from it, especially 
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when one is rewarded by finding an excellent paper. 
One can also make it less monotonous, if he will be 
alert for evidences of weakness in his own teaching 
and examining procedure, and of specific difficulties 
which individual students may have. 

Thursday is the quiet day of the week since there is 
but one section of physical chemistry laboratory. 
Since this is a senior subject there are no assistants 
and during most of the time one must be on hand to 
give necessary instructions. The rest of the day is 
usually spent in working out experiment assignments 
for the next week and placing the necessary apparatus 
on the laboratory tables. Since the apparatus for 
physical chemistry is expensive, it is necessary to work 
out the laboratory schedule so that one or two pieces 
of a particular apparatus may be used by the class in 
rotation, and at the same time keep the laboratory 
work and the lecture material as close together as 
possible. Occasionally the expense of running the 
laboratory may be kept down by repairing or building 
certain pieces of apparatus. For this purpose one 
should have a knowledge of glass blowing and a general 
facility in the designing and building of apparatus. 

Friday morning is much like Monday morning. 
The second section of physical chemistry laboratory 
meets in the afternoon. 

In addition to these routine duties the young in- 
structor has many things to familiarize himself with 
during the first year or two. Among these the more 
important are to learn the policies of the administra- 
tion and of the department and to familiarize himself 
with such things as the method of handling cuts and 
recording and reporting grades. It is also important 
that one should become acquainted with the other 
members of the faculty and familiarize himself with 
points of interest about each which will make his con- 
tacts with them more pleasant. 
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In conclusion the writer would say that if he has 
appeared to picture the life of a young instructor as 
being too difficult let him hasten to say that the first 
year or two may be hard since there are so many details 
which must be learned in becoming acquainted with a 
new school. When these details are once learned 
there will be more time available for a greater variety 
of activities such as improvement of courses, serving 
on college committees, acting as student advisor, and 
helping with the administrative duties of the depart- 
ment. The opportunities offered by the college to 
hear good lectures and concerts, the pleasant vacations, 
and the pleasant friendships formed with those having 
common interests, by far overbalance the difficulties 
which one may have at first. 


ESSENTIALS FOR A COLLEGE TEACHER 


The first essential is that the prospective teacher 
have a real enthusiasm for his subject and that he be 
able so far as possible to transmit this enthusiasm to 
his students. Secondly, he should be honest in his 
treatment of students, especially in answering ques- 
tions. The student soon detects a bluffer. He should 
be as familiar with as many branches of chemistry as 
possible. This is particularly true of physical chem- 
istry, since this subject is becoming more and more 
fundamental to all other branches of chemistry. He 
should possess mental agility. He should have the 
research spirit, for although he may not be carrying out 
research in the laboratory, he should try to teach his 
students the spirit of research, and should constantly 
be on the lookout for ways of improving his teaching. 
He should be willing and eager to read the recent litera- 
ture and new books constantly. He should, above all, 
be able to codperate with the other members of the 
department. 





XXVII. THE UNIVERSITY PROFESSOR 
FRANCIS EARL RAY 


The author of this article was educated at Crane Col- 
lege, and the Universities of Illinois and Oxford (Eng- 
land). He worked for a time as a starch and dextrine 
chemist in Chicago, then became a high-school teacher 
and principal in central Illinois. Later he taught at 
Grinnell College. Since 1930 he has been at the Uni- 
versity of Cincinnati. 

He is the author of the text, ‘Experimental Chemistry,” 
published by J. P. Lippincott and Company, and of 
articles in the JOURNAL OF CHEMICAL EDUCATION, 
Journal of the Chemical Society, Journal of the American 
Chemical Society, Journal of Organic Chemistry, Pro- 


ceedings of the Iowa Academy of Science, Industrial and 
Engineering Chemistry, and Chemical Reviews. 
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If you wish to be a university professor you must 
plan to spend seven or eight years in undergraduate 
and graduate study. Chemistry, physics, and mathe- 
matics will form the bulk of your studies, and a course 
in public speaking will not be amiss. If you have 
taken the bachelor’s degree with high standing it 
should be possible for you to get a scholarship or a 
teaching fellowship or assistantship that will help to 
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pay your expenses while you study for the doctorate. 
These helps vary in value from the scholarship that 
pays part or all of your tuition to the assistantships 
and fellowships that carry a stipend of $150 to 
$1000 a year. 

All graduate schools do not prepare men for teaching 
with equal success, so that it would be wise to deter- 
mine, in each case, if graduates go predominately into 
teaching or into industry. Early application is ad- 
visable. 

If you have not been graded “‘A”’ or ““B”’ in chemistry, 
physics, and mathematics it is doubtful if you have 
the ability to profit by graduate work. In addition, 
you should enjoy the classroom and laboratory. With- 
out this pleasure in study you are sentencing yourself 
to a lifetime of distasteful labor. If you do not like 
the routine of the university from the students’ angle, 
you will not like it from the teachers’. (One cynic 
has called this a campus complex.) 

Your studies should be continuous. Those who 
interrupt their education before securing the doctorate 
are seriously handicapped in the long climb to the 
better positions. Let no one delude you with the 
advice to get “practical experience.’ No experience 
secured before taking the doctorate will count with 
administrators, while your absence from the routine 
of learning will make it difficult to regain the technic 
of study, and especially the ability to pass examinations 
with high standing. 

After completing the long course of training that 
leads to the doctor’s degree it would be well to apply 
for a post-doctorate fellowship such as is offered by 
the National Research Council or similar institutions. 
This gives you an opportunity to begin independent 
research without the simultaneous responsibility of 
heavy teaching duties. On completing your post- 
doctorate research you should have some scientific 
publication to your credit that will enable a prospective 
employer to evaluate your possibilities. 

The next step is to secure a position as university 
instructor. This can best be done through the em- 
ployment service of the university granting your de- 
gree. The News Edition of Industrial and Engineering 
Chemistry is useful, as are contacts with the leaders in 
the profession. 

Little can be expected in the way of salary, while a 
heavy teaching load is generally assigned the new 
instructor. Starting salaries vary from $1200 to 
$2000 for a nine- or ten-month year. A probable 
mean would be $1600 a year. Some of the expenses 
to be budgeted on this salary are membership in pro- 
fessional societies (there are about six on the must 
list); attendance at scientific meetings in various 
parts of the country; membership in the faculty club 
and in your alumni and fraternity groups; contribu- 
tion to church and charity; and the support of various 
civic and cultural activities in the community. 

With the end of June comes the last pay check until 
October. You must have saved enough to see you 
through the summer. Luckily, the demands lessen 
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so that one may economize and pass the summer in 
semi-social seclusion. 

The true recompense that the university offers is 
freedom. The greater the university, the greater is 
the measure of freedom that it offers. The freedom 
to work on your own scientific problems in your own 
way, to pursue any and every idea in your field without 
consideration of its practical value—this is what you 
may expect of the university. Only you may decide 
if this is of sufficient value. 

You will not be trusted with complete freedom all at 
once. As an instructor you are in a somewhat pre- 
carious position, holding your post from year to year. 
If you do a fair job of it and do not antagonize any of 
your betters and wisers you will gradually advance 
up the ladder in salary and rank to a full professorship 
with permanent tenure. This will take from ten to 
twenty years. Professorships pay $5000 to $10,000 
with the mean about $6000. 


DUTIES 


Your duties as an instructor will be to teach quiz 
and laboratory classes in the elementary courses. 
You may be permitted to give a graduate course in 
your specialty, but do not be surprised if no one regis- 
ters for it. You are still an unknown quantity. 

After a few years you will be given more complete 
charge of your courses. Then will come the making 
of programs and the registration of students; the 
checking up on laboratory supplies and lecture experi- 
ments; the ordering of textbooks; preparing quiz 
and examination questions; marking papers and as- 
signing grades. Then there are conferences with both 
graduate and undergraduate students, and departmental 
and general faculty meetings. Sometimes there is 
teaching at night school or extension lecturing to be 
done. 

The journals and new books must be read and lec- 
ture notes revised in their light to keep up with de- 
velopments in research. Scientific papers and books 
must be written and prepared for publication if you 
are to hold your position in the scientific world. 

If you have been diligent in research you will attract 
a few research students who will, if properly directed, 
greatly add to your effectiveness as an investigator. 

Gradually you will be asked to serve on more and 
more committees. It is wise to waste as little time as . 
possible on the unimportant ones. A good committee 
man always goes along with the majority and gets a 
reputation for wisdom. 

After a few years it would be well to cultivate offers 
from other universities. Nothing raises a man more 
in the estimation of his superiors than an invitation 
to join the staff of another institution. It results in 
the most rapid advancement in salary and rank. 

You may see the need for many reforms. If you 
are wise you will say nothing about them until you are 
in a position of authority. By that time you will have 
forgotten them or the need may no longer exist. 

By taking part in the meetings of the American 
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Chemical Society and other learned societies you will 
ensure your continued scientific development, maintain 
old friendships, and cultivate new ones that will lead to 
a broad enrichment of your life. 

It would be less than honest if one did not admit that 
all members of a university faculty do not measure up 
to the high standards laid down in the preceding pages. 

Our prospective university professor may find among 
his colleagues the semi-invalid to whom the university 
with its holidays and long vacations offers a haven. 
By careful planning most of the hard knocks and some 
of the realities of life may be avoided. Or, there is 
the lazy man with a charming air of culture who seems 
to do better in the university than almost anywhere 
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else. There is the social butterfly who dances at- 
tendance on his economic betters. His is the dizzy 
whirl of meeting the “right people,” and telling all 
and sundry about it. His conversation is sprinkled 
with important names and places. These statements 
are not written in the hope of attracting the latter 
types to the university, but simply to give the professor 
a fairly true picture of what he may find. 

Universities are in the process of making themselves 
less desirable sinecures for the lazy and inefficient and 
will, therefore, become even more attractive to real 
scholarship and ability. But the newcomer must 
remember that universities are institutions, and insti- 
tutions change slowly. 





GAS GENERATORS 


RALPH J. BROOKS 
State Teachers College, Whitewater, Wisconsin 


ONE of the most troublesome problems of the 
small college or high school is an inexpensive yet 
adequate supply of the common gases, namely: carbon 
dioxide, hydrogen, and hydrogen sulfide. Heretofore, 
the most universal device used to procure this supply has 
been the Kipps generator. This apparatus is not avail- 
able to many small schools because its cost is prohibi- 
tive, and unsatisfactory to larger schools because of the 
quantity of gas generated and trouble of recharging. 
These difficulties the author has overcome. 

The author found he could construct an apparatus 
sufficiently large to take fifty pounds of ferrous sulfide 
and make enough hydrogen sulfide to supply a class 
of thirty doing qualitative analysis for half a semester. 
The apparatus consists of two tripods, two five-gallon 
acid bottles, two rubber stoppers, a few short lengths 
of glass tubing, a few feet of rubber tubing, and two 
pinch clamps. These articles are found in almost all 
laboratories. 

The sketch given is almost self-explanatory. The 
apparatus consists of Chambers A and B which are 
two bottles, which may be any convenient size. 
In Chamber A is placed the solid reacting sub- 
stance, which in our case was ferrous sulfide. A 
two-hole rubber stopper is fitted to the bottle. In- 
serted in one hole of the rubber stopper is an L glass 
tubing extending almost to the bottom of the bottle 
and protruding out through the stopper. To the glass 
tubing is attached a long piece of rubber tubing fitted 
with a pinch clamp. Into the other hole of the rubber 
stopper is inserted the short end of an L glass tubing 
adjusted so the glass tubing just passes through the 
stopper. In Chamber B a three-hole rubber stopper is 
fitted with similar glass tubing as used in A; through 
the third hole of the stopper a short length of glass 


tubing is passed to which is attached a short length of 
rubber tubing fitted with a pinch clamp. The long 
piece of glass tubing which extends near the bottom of 
the bottle is always left open so that the air may freely 
pass in and out of Chamber B when the apparatus is in 
operation. The purpose of the small outlet marked c’ 
is to fill Chamber B with new acid or drain off the spent 
acid as needed. The portion of the apparatus marked 








d connecting Chambers A and B should consist of two 
pieces of glass tubing connected by means of a short 
piece of rubber tubing to prevent the apparatus from 
being too rigid. 

Chamber B should be charged with dilute hydro- 
chloric or sulfuric acid through tube c’. To operate 
the apparatus open pinch clamp c and gas will flow from 
the apparatus and on the closing of clamp c the gas 
generates in Chamber A, forces the liquid back into 
Compartment B, and the chemical reaction ceases. 
The apparatus is then charged with the desired gas and 
ready for use. 





The USE of SEMI-MICRO TECHNIC 
in ELEMENTARY ORGANIC 


CHEMISTRY 


NICHOLAS D. CHERONIS 


Chicago City Colleges, Chicago, Illinois 


HE trend in laboratory practice for the teaching 
of chemistry in the past few years has been toward 
reduction in size of apparatus and in amounts of 
materials used by the student. This is commonly called 
the semimicro method. The application of this method 
to qualitative analysis is already quite general in this 
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FIGURE 1 


country. In the development of an introductory course 
in organic chemistry, devised to show both general 
group properties and differences in reactivity,! it be- 
came necessary to adapt about half of the work to 
small quantities. It was found that the solution of the 
problem in obtaining semimicro apparatus for work in 
elementary organic chemistry did not lie in diminishing 
the size of the condenser or of the Biichner funnel; 
but in the adaptation of improvised and modified com- 
mon small pieces of apparatus. A good part of the 
equipment can be made and assembled by the student, 
or can be bought at considerably less expense than small 
condensers, distilling flasks, or funnels. 

In this course, the student is first introduced through 
the usual macro apparatus to methods of purification 
of organic compounds and the determination of con- 
stants. Near the middle of the course, the microequip- 


1 CuERONIS, N. D., “Reactivity experiments for an introduc- 
tory course in organic chemistry,” J. Cem. Epuc., 14, 480 (1937). 
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ment is introduced. This is found to be of definite 
advantage, as it speeds up the work of the student 
tremendously. The preparation of amounts of from 
25-150 grams often requires setting up of apparatus 
which takes up the major part of the laboratory period. 
This is necessary in some preparations to acquaint the 
student with methods and technics used in the organic 
laboratory. A good number of the experiments, how- 
ever, can be performed with small amounts without 
sacrificing any of the objectives of the macro method; 
as a matter of fact, it is a reasonable claim that the 
addition of the semimicro technic is desirable aside 
from the fact that it enables the student to do more 
work in the time available. 

Several small pieces of apparatus used in this course 
are described below, and detailed instructions as to 
their set-up and use are given for work commonly met 
with in the beginning courses of organic chemistry. 
Also, some typical preparations are described, as per- 
formed by means of this small scale equipment. 


I. MICRO-CONDENSER 


A piece of glass tubing, 20 cm. long and 4 or 5 mm. 
in diameter, is bent according to the diagram shown in 
Figure 1. The lower end is fitted loosely into a 10-mm. 
hole of a cork that fits a Pyrex tube 18 X 150 mm. so 
that it can be raised up and down as desired. Each 
end of the opening can be filed to make the U-tube fit 
well. A thin slice of cork at point A insures against 
undue tension. Each end at BB is fitted with 80-90 
cm. piece of rubber tubing (diameter, 5 mm.). If the 
fitting is loose, then a short piece (5 mm.) of 3-mm. 
rubber hose is inserted at each end of the U-tube. One 
end of the hose is connected with the water outlet and 
the other is placed in the sink or trough. 

A better type of micro-condenser is shown in Figure 
2. It is an adaptation of the “cold finger’’ condenser 
type. The jacket is 150 mm. long and 7 mm. in diame- 
ter, with the side arm 25 mm. from the top. The 
inner tube is 170 mm. long X 5 mm. in diameter with 
a bend at the top. It fits in the jacket through a 
short piece of 3-mm. rubber tubing. This condenser is 
more adaptable and less easily broken. It can be bought 
commercially. 
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Il. DISTILLATION TUBES 


Unless the liquid to be distilled is over 10 cc., a dis- 
tilling tube is used. Figures 3, 4, 5, and 6 show the 
various types of tubes. Figure 3 is an ordinary 18 X 
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150-mm. Pyrex test-tube, while the tube in Figure 4 
has the same diameter, but is 115 mm. long. It is 
made from the 150-mm. tube by cutting and then fire- 
polishing the edge. The distillation tube shown in 
Figure 5 has a side arm with an inner seal to prevent 
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liquid discoloring from the cork or rubber going into the 
receiver. Figure 6 is an ordinary 150-mm. tube with a 
side arm. 

If the amount of liquid to be distilled is above 10 cc., 
then a small distilling flask is used. However, a larger 
tube can be used, thus eliminating the more expensive 
apparatus. 


III, FRACTIONATING COLUMNS 


Two types of fractionating columns are shown in 
Figures 7 and 8. The one shown in Figure 7 is an adap- 
tation of the Vigreau type, while the column shown in 
Figure 8 contains two spirals (one inside the other) 
made of nichrome wire. The spirals are made by wind- 
ing the wire around a glass rod. By using 3 and 6-mm. 
tods, two spirals are made and the smaller (3 mm.) is 
inserted into the larger. The wires at each end are 
twisted together. This type of fractionating column 
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usually gives better results. For substances which at- 
tack the nichrome wire, glass wool, loosely packed 
(strip), is to be used. 

IV. ARRANGEMENTS FOR REFLUXING AND DISTILLATION 


Two set-ups for heating under reflux are shown in 
Figures 9 and 10. 

1. Heating under Reflux.—Two very small porcelain 
chips or boiling stones are placed in a Pyrex tube, 18 
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FIGURE 9 


X 150 mm.; then the mixture to be refluxed is poured 
in. The cork bearing the condenser is fitted to this tube, 
and the height is so adjusted that the end of the con- 
denser is above the boiling liquid. To avoid a closed 
system a small opening is bored or cut in the cork. The 
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flow of water is adjusted. If the U-condenser is used, 
a piece of cotton is loosely placed at the opening of the 
cork. : 

2. Distillation —The simplest set-up for distillation 
is shown in Figure 11. The thermometer is not shown 
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although it be can inserted by using a two-hole stopper. 
It is preferable, however, to use the set-up shown in 
Figure 12 if a thermometer is used. The “cold finger” 
type of condenser shown in the set-up in Figure 11 is 
also more advantageous, as it permits no outside mois- 












































FIGURE 13 


FIGURE 12 


ture to condense inside the receiver. . This condenser, 
however, should fit loosely so as not to have a closed 
system. 

The tube with the liquid to be distilled is fitted either 
with a cork or rubber stopper (1-hole) provided with 
a tube, A, which conducts the vapors upward. This 
is connected by a small piece of rubber tubing to the 
delivery tube, B, which reaches to the bottom of the 
receiver, alongside the condenser. As the liquid distills, 
the delivery tube is raised. A U-condenser may be 
used. In Figure 12, the side arm permits the insertion 
of a thermometer. A distillation set using the micro- 
fractionating column is shown in Figure 13. 

3. Steam Distillation——The apparatus shown in 
Figure 14 is a set-up for steam distillation. The tube 
containing the liquid to be steam-distilled is inserted 
through the larger opening of the cork or rubber stopper 
and is partially immersed in the boiling water. The 
steam generator is a 250-cc. Erlenmeyer flask with a 
wide mouth. The cork has two openings, one for the 
long tube acting as a water gauge, and the other for 
the steam outlet. 

Through this latter opening a small glass tube reaches 
nearly to the top of the rubber stopper of the distillation 
tube, and is slightly bent at an angle connecting through 
rubber hose (3 mm.) with the steam inlet glass tube. 
The length of this tube is such that it reaches almost 
to the bottom of the distillation test-tube. 

Through the second opening of the rubber stopper is 
a small tube connecting with the receiver. This ar- 
rangement makes it possible to steam-distil & cc. of 
liquid within the distillation tube, obtaining 10 cc. of 
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distillate without increasing the volume of the mix- 
ture. 

The water in the Erlenmeyer flask is heated, leaving 
the steam inlet unconnected. When the steam is gen- 
erated, the burner is removed, the steam inlet con- 
nected, and the burner adjusted so that the contents of 
the distillation tube do not splash up to the outlet. 


Vv. EXTRACTION AND SEPARATION 


Extraction of aqueous solutions or dispersions with 
ether or other organic solvents is a common operation 


















































FIGURE 14 


in work with organic compounds. For all extractions 
of small amounts, the arrangement described below 
has been found satisfactory. The extraction is accom- 
plished in the ordinary Pyrex test-tube (18 & 150 mm.). 
After addition of ether or other solvent, the tube is 
corked, shaken, and cooled in running water and then 
the cork is removed and the separatory rubber stopper 
is inserted as follows. The latter is made with a two- 
hole rubber stopper. 

Cut a piece of 4-mm. glass tubing 22 cm. long and 
rotate each end over the flame until the opening is re- 
duced to a fifth of the original size. Insert the tube 
through one of the holes so that when the rubber stop- 
per is fitted tightly on the mouth of the tube, the end 
of the glass tubing just fails to touch the bottom. At 
the other end, place a 30-mm. piece of 3-mm. rubber 
tubing. Through the other hole of the rubber stopper 
insert a piece of glass tubing 70 mm. long, so that it 
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just reaches the other side of the hole but does not pro- 


trude through it. Provide the end of the short piece 
with a piece of glass tubing 35 mm. long. A piece of 
glass tubing 30 mm. long is inserted at the end. A 
screw clamp is placed at the middle of the two rubber 
tubes. 

In order to separate the two layers, the screw clamp 
is closed tightly and the tube is inverted and held so 
that the rubber stopper rests between two fingers of 
the left hand with the thumb pressing lightly downward 
upon the lip of the tube. The delivery tube is placed 
inside another tube, and the screw clamp is operated 
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FIGuRE 16 
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with the right hand. When the interface of the two 
layers reaches near the rubber stopper, the flow is di- 
minished. The junction of the two layers is visible 
in the glass tube, just above the screw clamp. 

With a little practice it has been found that students 
are able to extract with ether with very small losses. 
The use of small separatory funnels, of course, is su- 
perior, but it is more expensive. Further, the use of the 
separatory tube permits extraction directly from the 
reaction vessel, thus minimizing losses in transferring. 


VI. FILTRATION 


The rapid filtration of small amounts of crystals pre- 
sents certain difficulties. The use of diminutive Biich- 
ner funnels and filtration flasks is expensive and clumsy. 
An arrangement using a filter stick? is shown in Figure 
15. The filter stick is made of 5-mm. rubber tubing, 
one end of which is enlarged to permit the insertion of 
the paper filter mass. The material to be filtered is 
placed in a small beaker so as to permit the removal 
of the crystals after filtration. The tube is connected 
through a short piece of thick wall rubber tubing to a 
250-ce. filter flask which is connected to the water pump. 
A small amount of filter mass is pressed between the 
fingers and placed in the lower end of the filter stick 
and then inserted in the beaker. As the filtration pro- 





2 Morton, A. A., ‘‘Laboratory technique in organic chemistry,” 
McGraw-Hill Book Company, New York City, 1938. 
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ceeds the beaker is tilted and then the crystals are 
pressed down with the filter stick so as to remove the 
last drops of mother liquor. A small amount of solvent 
is added for washing and the operation repeated. Fi- 
nally, the crystals are removed by means of a long, thin 
spatula to a “drying disc’’ (see below) for air drying 
or to a watch glass for drying in the desiccator or uver 
the water bath. 

1. The Centrifuge——The centrifuge is a means of 
easy and rapid filtration. It has found wide application 
in the semimicro technic for qualitative analysis. The 
difficulty, however, is that most organic crystals have 
low densities and are not easily thrown to the bottom of 
the tube. The Skau® tubes are too expensive for use 
by the students, therefore, the tube shown in Figure 16 
was developed. This centrifuge tube is adaptable to 
the filtration of small amounts of crystals (200-500 mg.). 
The sizes may vary, the one shown in the diagram is 
120 mm. long by 14 mm. in diameter, constructed to 2 
mm. in the middle to permit the insertion of the filter 
mass plug. The end of the tube is shaped for the in- 
sertion of a rubber stopper. A small plug of paper filter 
mass is tapered and placed in the constricted opening 
at the middle of the tube. A few drops of water are 
added and the mass is pressed with the flat end of a 
glass rod to spread it on the opening. The tube is then 
centrifuged for fifteen seconds, when it is ready for use. 

The mixture of crystals and solvent to be filtered 
is added to one tube, while an equal amount of solvent 
is added to a second centrifuge tube with no filter mass. 
The tubes are then centrifuged from one to two minutes. 
The stopper at the lower opening is removed and the 
filtrate drained to a test-tube for future reference. A 
few drops of solvent are added and the tube centrifuged 
for one minute. This is repeated. For rapid drying, 
the washings are drained and the tubes are again cen- 
trifuged for from two to three minutes, thus removing 
the adhering solvent and traces of mother liquor. In 
this manner it is possible to dry the crystals in air within 
a few minutes. 

2. Drying.—The removal of adhering solvent and 
traces of mother liquor by centrifuging not only makes 
drying easier, but also gives higher purity. Often a 
second crystallization is necessary due to the adhering 
mother liquor which contains impurities. The crystals 
are transferred by means of a long spatula (made of a 
flattened glass rod or better with a long and narrow 
stainless steel spatula) on a drying disc. 

3. Water Bath.—A water bath designed for this type 
of work is shown in Figure 17. It is made of copper. 
It is 85 mm. in diameter and 65 mm. deep. The three 
small openings, 25 mm. in diameter, are for the tubes, 
while the larger, 45 mm., is for a watch glass or small 
casserole, and so forth. The same bath may be made of 
an ordinary empty tomato can. It is possible to reflux 
three tubes by connecting the condenser in series as 
shown for the two in the diagram. 





3 Sxau, E. L. anv L. F. Rowe, Ind. Eng. Chem., Anal. Ed., 3, 
147 (1931); Morton, A. A., op. cit. 
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VII. WEIGHING AND MEASURING 


The amounts used in the semimicro method seldom 
exceed 2 to 4g. for solids and 2 to 5 cc. for liquids. 
It is found more advantageous to weigh the liquids 
wherever possible with the exception of water and com- 
mon solutions which can be measured with a pipet 1 cc. in 
capacity and graduated to 0.lcc. For weighing liquids 
the tube is attached by a fine copper wire to one end 
of a horn pan balance and after the tare is ascertained 
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the liquid is added through a dropper. A set of rough 
quantitative weights is used. The student can con- 
struct and graduate his own pipet and droppers. 

The latter can be made a little longer than the usual 
medicine droppers. The upper end is thickened so as 
to permit tight fitting with the rubber bulb. Two rub- 
ber bulbs may be used for several droppers by removing 
them each time without permitting any of the liquid 
to come into contact with the lower part of the bulb. 
The weighing of small amounts of solids is performed on 
pieces of paper placed on each pan of the horn balance. 


TYPICAL EXPERIMENTS ILLUSTRATING THE USE OF 
SEMIMICRO APPARATUS 


A. Preparation of Nitrobenzene.—Place in test-tube, 
arranged as shown in Figure 10, 2 g. of benzene and add 
cautiously 4 cc. of a mixture of equal parts of concen- 
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trated sulfuric and nitric acids. Place in a water bath 
(Figure 17) and heat at 60° for thirty minutes. Cool, 
then insert the separatory stopper (Figure 18) and draw 
off the bottom acid layer. A few drops of this remains 
in the test-tube. Add a mixture of 1 cc. saturated solv. 
tion of sodium chloride and 2 cc. of ten per cent. solution 
of sodium carbonate. Rotate the tube and then separate 
the lower layer. 

Now add 2 cc. of ether and pour off the nitrobenzene 
mixture into a dry test-tube. Add 0.2g. calcium chloride 
(8-mesh) and allow to stand for thirty minutes. Trans. 
fer to distillation tube (provided with a very small 
porcelain chip), and arrange as shown in Figure 12, 
Distil off the ether very slowly through the water bath, 
The latter is then removed and heat is applied directly 
with a microburner. 

When the thermometer begins to climb rapidly (at 
about 100°), the receiver is changed by inserting a dry 
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tared test-tube to the cork holding the delivery tube 
and condenser. The temperature rises to 210°C. 
Toward the end the flame is moved up and down the 
distilling tube to insure complete removal of the con- 
densing vapors, and also to avoid charring. Yield: 
1.43 g. or forty-five per cent. of theory. The yields 
recorded in the laboratory manuals, using the macro 
method, are seventy to seventy-five per cent. 

B. Reduction of Nitrobenzene to Aniline.—The 
amount of nitrobenzene (1.43 g.) obtained in Experi- 
ment 1 is reduced with iron and dilute hydrochloric 
acid. To the test-tube containing the nitrobenzene 
add 2 cc. of 6 N hydrochloric acid and 1.5 cc. of water. 
Begin heating with a very small flame and add over a 
period of five minutes 2.2 g. of fine iron filings. (Note: 
the iron used for the reduction should be washed with 
ether or other solvent to remove the adhering grease.) 
The burner is removed before each addition. The boil- 
ing should be brisk, but the frothing should not be al- 
lowed to reach much above the middle of the tube, 
as there is danger of breaking the condenser. Con- 
tinue boiling for thirty to thirty-five minutes until 
practically all the odor of nitrobenzene has disappeared. 





GeBkst es sew nABew ww 


JANUARY, 1939 


Place the tube for steam distillation as shown in Figure 
14, and add 0.5 g. of sodium carbonate. Connection 
should be open until the generation of steam is vigorous. 
Connect inlet of steam and distil 5 cc. of the liquid. 
Extract distillate with 4 cc. of ether, separate, and add 
to the ether four pellets of sodium hydroxide. 

Cool the tube in tap water as the solution of the 
alkali generates heat. Now pour the ether into a dry 
tube containing four pellets of sodium hydroxide. Cork, 
shake from time to time for one hour. Transfer to a 
distilling tube and remove first the ether, then distil 
the aniline with a free flame. Yield: 0.7 g. 

C. Acetylation of Aniline.—To the test-tube con- 
taining the aniline obtained in Experiment 2, add twice 
the theoretical amount of acetic anhydride which is 
about twice the amount of aniline, in this case 1.4 g. 
Insert a reflux condenser and boil for five minutes. Add 
10 cc. of water, cork, and shake. Then cautiously, 
drop by drop, add 6 N sodium hydroxide until the pre- 
cipitate is voluminous. 

Filter through the centrifuge, washing twice with 
water. Transfer a small amount into a filter disc and 
determine the melting point. If the crystals are impure, 
recrystallize once from water. Yield: about 0.5 g. 

D. Preparation of m-Dinitrobenzene.—Suspend a 
test-tube by a wire in one end of the horn balance and 
by means of a dropper add 2 g. of nitrobenzene. Place 
the tube in the water bath and add cautiously 5 cc. of a 
mixture of equal parts of fuming nitric acid and con- 
centrated sulfuric acid. Insert reflux condenser and 
heat at 90° for thirty minutes. 

Pour contents of tube into a 150-cc. beaker containing 
50 cc. of water. Stir, allow to settle, and decant most 
of the liquid. Transfer to the centrifuge filter and rotate 
for two minutes. The crystals are washed with 3-cc. 
portions of water twice, then pressed and centrifuged 
again. The crystals are then placed on a drying disc. 

E. Preparation of Cyclohexene.—Arrange the dis- 
tillation tube and condenser as shown in Figure 12, 
placing the thermometer, however, so that it nearly 
touches the bottom of the tube. Place 5 cc. of cyclo- 
hexanol in the distilling tube and 0.5 cc. of concentra- 
ted sulfuric acid. A small boiling stone is added and the 
tube is heated with a microburner (or very small flame), 
at such rate that the distillation proceeds slowly and 
the temperature does not rise above 130°C. When 
considerable decomposition begins the distillation is 
discontinued. To the tube containing the distillate 
add 1 g. of salt, rotate the tube, and then separate the 
aqueous layer by the arrangement shown in Figure 15. 
The cyclohexene and traces of salt are retained in the 
original tube. Calcium chloride (8-mesh) is added, a 
lump at a time. If there is considerable water in the 
tube a saturated solution forms at first; the addition of 
one or two lumps after this point is sufficient to dry the 
olefin. After drying the liquid is fractionated and the 
fraction which boils at 80-82°C. is collected. The yield 
varies 1.4 to 1.8 g., or thirty-six to forty-seven per cent. 
of the theory. 

F. The Introduction of Carboxyl Group by Means of 


33 


the Grignard Reagent. Preparation of Benzoic Acid.— 
Arrange set-up as shown in Figure 10; a small hole is 
made in the cork which holds the condenser to permit 
the insertion of small calcium chloride tube. Weigh 
in a clean, dry 25 X 200-mm. test-tube 3.75 g. of bromo- 
benzene; add 10 cc. of dry ether and connect for reflux 
as shown in the diagram. Now add 0.54 g. of mag- 
nesium turning and a crystal of iodine. If the reaction 
which soon ensues becomes violent, cool the tube by 
raising a beaker partially filled with cold water. The 
reaction is over in forty-five minutes to an hour when 
only a small amount of magnesium remains. Remove 
the condenser and insert a delivery tube flared at the 
lower end; the delivery tube reaches about 5-6 mm. 
within the ether layer. Connect the delivery tube to a 
carbon dioxide tank or generating flask. In either case 
the carbon dioxide should be dried by passing it first 
through 2 U-tubes or towers filled with calcium chlo- 
ride. Place the tube containing the Grignard reagent in 
a beaker containing ice mixture and pass carbon dioxide 
for fifteen minutes. The cork is removed and a mixture 
of 2 g. of ice and 3 cc. of concentrated hydrochloric acid 
is added slowly. When the decomposition of the addi- 
tion compound is complete insert the separatory stop- 
per and remove the aqueous layer. Pour the ether layer 
into another test-tube which contains 5 cc. of 6 NV sodium 
hydroxide and shake well. Separate the aqueous layer 
which contains the sodium benzoate and acidify cau- 
tiously with concentrated hydrochloric acid. The 
benzoic acid separates out immediately. Filter by © 
centrifuging and wash twice with a few drops of water. 
Dry on a paper disc. Yield 0.45-0.60 g. melting at 
119-120°C. 

G. The Wurtz-Fittig Reaction Preparation of Ethyl 
Benzene.—Weigh in a dry 18 X 150-mm. test-tube 1.50 
g. of ethyl bromide and 2.00 g. of bromobenzene and 
arrange as shown in set-up in Figure 10. Add 6 cc. of 
dry ether and 0.9 g. of sodium metal cut in very small 
pieces. The mixture is allowed to stand overnight, and 
then transferred into a distilling tube after a small plug of 
glass wool has first been placed in the mouth of the reac- 
tion tube to hold back the sodium bromide and un- 
changed sodium. The residue is washed twice with 2-cc. 
portions of ether and the washings added to the main 
portion. The residue is placed in the hood and the un- 
changed sodium decomposed by the addition of 5 cc. of 
denatured alcohol. The ether is distilled by heating the 
tube in a water bath; the bath is then removed and 
heating is continued through a small burner; when 
the temperature reaches about 100°C. the receiving 
tube is changed and the fraction boiling 130-134° is 
collected. Yield 0.32-0.37 g. (24-27 per cent. of the- 
ory). If it is desired to perform two fractionations, 
twice the above quantities are used. 

The experiments which have been described illustrate 
the wide adaptability of the semimicro technic to the 
teaching of organic chemistry. Aside from the ad- 
vantage of speeding up the work of the student and 
training in handling small amounts of substances, it 
becomes possible to illustrate through laboratory prac- 
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tice a number of principles which are difficult to show 
with the macro method. For instance, it is not possible 
to provide every student with the apparatus required 
for an experiment involving the use of the Grignard 
reagent while the equipment described above with 
slight modifications can be applied to a large number 
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of experiments which require complicated apparatus, 
The semimicro technic can be used to advantage in the 
laboratory work of qualitative organic analysis. 

The author wishes to acknowledge the helpful sug- 
gestions of Mr. Walter Burfisher in the simplification 
and construction of some of the apparatus described. 





CORRESPONDENCE 


HYDROGEN SULFIDE GENERATOR 


To the Editor 
Dear Sir: 


Enclosed is a drawing of a home-made hydrogen 
sulfide generator, which has given satisfaction in this 
laboratory for many years. 

In the drawing, a steel drum, preferably zinc coated, 
is represented by a. Axially mounted thereon by nuts 
and fiber washers is the pipe b, provided with the outlet, 
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c. At the bottom of this drum are outlets such as d, 
through which water may enter or leave the drum. 
This drum is contained in the larger drum, 7, which 
carries at its base the pipe j. This serves as a guide for 
the floating inner drum as well as a conduit fot the gas, 


g. After installation about a gallon of coal oil, f, is 
poured in at the opening, h, which such drums always 
carry. This prevents the gas from dissolving in the 
water. 

The pipe is continued to the fitting, /, which provides 
an outlet for any water that may accidentally get into 
the line. Further continuation provides connections 
with the generator, ”, and the wash bottle, ¢. The 
generator may be the ordinary five-gallon water bottle 
in which is placed a plentiful supply of iron sulfide. 
The cork may carry a three-holed stopper. One open- 
ing is for the exit, 0, another for the funnel, , which 
should be extended to the bottom of the bottle by 
rubber hose attached to the funnel and the other may 
carry a syphon for emptying the spent acid. The 
service tubes, u and v, should be of thick-walled one- 
mm. capillary tubing, connected by a considerable 
length of rubber tubing. This mounting will slow up 
the exit of the gas and provide flexibility for shaking the 
container of the solution to be precipitated. No stop- 
cock is necessary if the acidulated water, w, is of suffi- 
cient depth to resist the head of water in the drums. 

The spent acid in the generator may be removed, 
without opening the system by the following procedure. 
Water is run into the generator to force all the gas back 
into the drum, the exit, 0, closed and the spent acid and 
water drained off. The generator is then filled with 
fresh water, o opened and extra water again drained as 
the gas flows back from the drum to the generator. 

This set-up has been found superior to the usual auto- 
matic generator, because the acid remains in contact 
with the iron sulfide until exhausted and little servicing 
is needed. 

E. E. CHANDLER 


OccIDENTAL COLLEGE 
Los ANGELES, CALIFORNIA 
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THE PREPARATION OF m-DINITROBENZENE 


To the Editor 
DEAR SIR: 


In the January (1937) issue of THs JouRNAL (p. 33) 
we published a note on the preparation of m-dinitro- 


TABLE 1 
Nitro- So- Sul- 
ben- dium furic 
No. zene nitrate acid Yield 
(g.) (e) te) ~ 


Remarks 


1 10 7 16 4.3  Refluxing on oil bath at 
2 10 7 37 10.8 140°-150°C., after 
3 10 10 42 12.3 completion of the ini- 
4 10 14 46 12.3 tial reaction which 
5 10 20 48 12.15 starts at about 80°C. 
or earlier. 
Chemically pure sodium 
, nitrate was used in all 
these experiments. 
6 10 7 32 9.8 As above, but instead of 
7 10 7 41 11.2 oil bath, water bath 
8 10 8 37 10.8 was used. 
9 10 8 42 11.4 
10 10 10 42 11.4 
11 10 14 46 12.1 
12 10 20 48 12.2 
13 10 z 41 11.2 Experiments 13-18 were 
14 10 10 42 11.5 carried out on water 
15 10 14 46 11.8 bath, using commer- 
16 10 20 48 11.7 cial sodium nitrate. 
17 10 14 46 t'te) cone of four junior 
18 10 10 42 11.36 students) 


benzene and showed that in this preparation fuming 
nitric acid was not indispensable; on the other hand by 


From the results, it can be seen that the proportions 
used in experiments 2, 3, 4, 7, 9, 10, 11, 14, and 15 are 
very convenient. The average yields obtained in these 
cases vary between 10 and 12 grams. The same yield 
is obtained by using fuming nitric acid. The technic 
of the method is as follows. Nitrobenzene and sodium 
nitrate are taken in a round bottom flask. Concen- 
trated sulfuric acid is gradually added and the mixture 
is shaken from time to time. (Sometimes the reaction 
starts even at this stage if the shaking is sufficiently 
vigorous.) The flask fitted with an air-condenser is 
heated on a water bath. At about 80°C. the reaction 
starts when the flask with the condenser is removed 
from the water bath and shaken. The reaction begins 
to be vigorous and after about ten minutes slowly sub- 
sides. (It is better to heat the mixture at this stage 
slowly on wire-gauze and ensure the complete libera- 
tion of nitric acid. This precaution is absolutely neces- 
sary when commercial sodium nitrate is used.) The 
mixture is then heated on water bath without any con- 
denser until a test portion of the same, poured in water, 
separates out as asolidcake. In all, the reaction takes 
one hour. While it is still hot the whole mass is poured 
into a large quantity of water. Dinitrobenzene, 
which solidifies, is filtered off, washed with cold water, 
and dried on a porous plate, the final drying being done 
over sulfuric acid in a desiccator. 

If one tries to compare the cost of materials as re- 
quired for ten grams of nitrobenzene, by the different 


TABLE 2 
Sodium 
Fuming Ordinary Sodium Nitrate 
Nitric Nitric Nitrate Commer- Sulfuric Total 
Method Acid Acid Pure cial Acid Cost Yield 
Gattermann, “Die Praxis des Organischen 

Chemikers”’ 75 — _— — 25 100 10-12 g. 
Sudburough and James, ‘Practical Organic 

Chemistry” 87.5 —_ — —_ 20 107.5 12 g. 
Our best experiment, described on page 33 of the 

January, 1937, issue of the JouRNAL OF CHEMI- 

CAL EDUCATION — 45 — — 40 85 12 g. 
Average of experiments 7, 9, 10, and 11, this paper -—- —_ 41.93 a 42.75 84,68 11.52 g. 
Average of experiments 13, 14, and 15 a a — 11 43 54 11.5 g. 
Experiment 17 _ _— — 15 46 61 11.47 g. 

_ _ — 11.36 g. 


Experiment 18 


increasing the quantity of sulfuric acid, ordinary nitric 
acid (sp. GR. 1.4) could also bring about the further ni- 
tration of nitrobenzene to m-dinitrobenzene. It was 
also shown that the total cost could be reduced by this 
method. We tried to develop this method and stum- 
bled upon the idea of eliminating nitric acid altogether. 
We made use of a mixture of sodium nitrate and sul- 
furic acid. The results are given in Table 1. 
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methods, the results given in Table 2 may be obtained. 
The figures in Table 2 indicate units representing 
average prices. 


S. V. SHAH 
D. G. PISHAWIKAR 


DEPARTMENT OF CHEMISTRY 
RAJARAM COLLEGE 
KOLHAPUR, INDIA 








METHODS of FIRE MAKING 
USED 4y EARLY MAN 


WARREN N. WATSON 


Washington, D. C. 


STUDY of the methods of fire making used by 
primitive man is a subject of unusual interest; 
one that offers a challenge because these methods 

are rapidly becoming a lost art and because a definite 
amount of skill is necessary for their execution. 

Man differs from all other forms of life in his ability 
to make, preserve, and use fire. His changing attitude 
toward fire has been recorded as first, an attitude of 
fear, followed by worship, and then use, the latter for 
warmth, cooking, and fabrication. 

Man’s first knowledge of fire came from the volcano 
and lightning, and, under rare conditions, from the 
friction of dry branches by the wind. The first evi- 
dence of man’s use of fire occurs as charred wood and 
bones in the deposits of the cave of Pekin man in the 
old Stone Age about 500,000 years ago. The preserva- 
tion of fire enabled man to segregate in groups and was 
the basis of the community fire, a custom that endured 
for thousands of years. Ability to make fire at will 


gave men freedom to migrate to different parts of the 
earth. 

Among primitive tribes, the worship of fire or the 
sun was widespread. Fire has been intimately as- 
sociated with the altar and the hearth from the earliest 
known times, new fire having special religious signifi- 
cance, and today the use of fire has survived in religious 


ritual. The word “fireside” is synonymous with the 
home, and the conclusion is inescapable that our love 
for the open fire springs from early man’s association 
with the camp fire for thousands of years. The camp 
fire stimulated inventive genius and was the origin of 
many arts, sucly as lighting, cooking, offense, defense, 
metallurgy, and ceramics. 

The great emphasis given to fire preservation in 
early times is ample evidence of the skill required to 
operate the primitive methods of fire making, and only 
a limited knowledge of these methods is necessary to 
appreciate the convenience and economic value of the 
match, which ranks as one of the epoch-making dis- 
coveries of man. 

The different methods of fire-making follow: 


A. FRICTION OF WOOD 
1. Drilling 


(Across the grain) 
Fire drill 
(a) Two-stick drill 
(6) Strap drill, 4 parts 
(c) Bow drill, 4 parts 
(d) Compound or pump drill 
Friction saw 
Fire thong 
(With the grain) 
Plow 


B. PERCUSSION 
( Strike-a-Light) 


Pyrites and pyrites 

Pyrites and flint 

Steel and flint 

Bamboo and pottery or flint 
Fire piston (compressed air) 
Lens and reflector 

Match 


C. PHYSICAL 


D. CHEMICAL 


FRICTION OF WOOD 


Archeological evidence is lacking on the date of the 
first use of the fire drill; it is, nevertheless, an ancient 
invention and ethnologists believe that it does not 
antedate the late Stone Age (Neolithic period). 

The Assyrian fire god Gebil (reed fire) was repre- 
sented by the cuneiform character for a fire drill. In 
the excavations at Thebes a drill bow and socket were 
found, and pictures of bow drills occur on the tombs 
in the Fourth and Fifth dynasties. The Odyssey re- 
fers to the making of fire by rotating sticks. 

According to the Hindu myth on the origin of fire, 
the wood worker with his drill made the divine fire. 
It is probable that the experiences of primitive man in 
piercing holes with bone and flint, with the observation 
that heat and smoke were evolved under certain con- 
ditions, led to the invention of the fire drill. 

Selection of Wood and Tinder.—The prime requisite 
for successful fire making by wood friction is the 
choice of the right kind of wood and wood that is in 
proper condition; that is, thoroughly seasoned and 
very dry. Primitive man used dead branches, with a 
preference for pieces that were slightly decomposed 
or “punky” due to fungus action. Fungus is a friend 
of the fire maker. 

If new wood from a lumber yard must be used, it 
should be dried thoroughly, or better yet, baked for 
about two hours before an open fire. If it is browned 
or slightly charred, results will be obtained with greater 
ease and speed. 

Generally speaking, soft, fine-grained woods are 
preferable, and hard woods should be rejected. Resi- 
nous, gummy woods are worthless. The best woods 
include balsa, yucca, elm, willow, and cottonwood. 
Other woods are linden, cypress, hemlock, balsam fir, 
sycamore, poplar, cedar, white pine, buckeye, and soft 
maple. Yucca wood from the southwestern states, or 
the yucca flowering stalk from the flower garden, ranks 
first among the woods of the United States as a quick, 
easy fire maker by wood friction. Balsa wood from 
Central America is a superior wood, although like 
yucca it wears away rather quickly. Certain Indian 
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tribes of North America preferred roots; these include 
willow, elm, and cottonwood. 

A simple test for determining the quality of a wood 
or vascular flower stalk is to carry out a trial drilling. 
A good wood yields a fine wood dust or flour, which 
carbonizes with the formation of a spark which spreads 
to an ember. If the sample gives a coarse, gritty 
powder, it should be discarded. Usually, the drill 
and hearth are of the same wood; some tribes, however, 
used a harder wood for the drill. 

The production of fire by wood friction consists of 
two distinct operations, first, the preparation of a 
smoldering spark or ember, and second, the trans- 
formation of this ember into a flame with tinder—fine, 
dry vegetable fibers, bark, grass, or moss. The tinder 
used varies in each section of the world. One of the 
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FicurE 1.—INDIAN Two-STICK FIRE DRILL 


best tinders is made by pounding red cedar bark with 
aclub. It is then rolled until fluffy, and dried and 
stored in a tight container. Other tinders are white 
cedar bark, inner chestnut bark, cottonwood bark, 
trope fibers, fine grass, and vegetable down. ‘The pro- 
duction of flame is speeded up by placing a small layer 
of milkweed silk, cattail, or similar seed down on the 
cedar bark tinder. 

The Two-Stick Fire Drill—This method of fire 
making had practically world-wide distribution, in- 
cluding all of North America and its Indian and Eskimo 
tribes. In Africa, it was used almost exclusively, and 
is still used in the interior of Africa and South America 
where steel and flint or matches are not available. 

The drill is a straight, thoroughly seasoned rod or 
stalk, commonly between one-fourth of an inch and 
five-eighths of an inch in diameter. and from fourteen 
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inches to over thirty inches in length (Figure 1).!_ The 
hearth or base occurs in a wide variety of forms. The 
common type was flat on top, some were well fashioned 
like a piece of board, and others were merely broken or 
split pieces of a dead branch. 

A concave depression is first made in the hearth— 
the initial hole—to receive the drill. A narrow slot is 
cut into this hole to receive the wood dust or flour re- 
sulting from the grinding of the drill against the wood 
of the hearth (Figure 2). (Some tribes added a minute 
quantity of sand or earth in the drill hole to increase the 
grinding action.) The base board is held securely on 
the ground by the knees or by an assistant. The drill 
is held upright, with its rounded end placed in the drill 
hole, and rotated backward and forward between the 
flattened hands, with a downward pressure; the speed 
is increased to the maximum as the hands reach the 
bottom of the stick. The downward pressure causes 
the hands to work gradually down the drill. When 
the hands are several inches from the hearth, the drill 
is grasped between the thumb and a finger of the left 
hand to hold it firmly in position and the right hand 
quickly lifted to the top and the drill gripped between 
the thumb and finger to hold securely. The left hand 














FIGURE 2.—OPERATION OF A Two-StTicK DRILL 


is then quickly lifted up opposite the other hand, the 
fingers extended, and the drill held between the flat- 
tened palms, opposite each other, and rotation of the 
drill is repeated. At no point should the drill be al- 
lowed to leave the drill hole, nor should the drilling 
be stopped except for the minimum pause necessary to 
shift the hands from the bottom to the top. 


1 Acknowledgment is made to the United States National Mu- 
seum for their courtesy in permitting the use of the photographs 
in this article. The best description of fire-making equipment 
will be found in ‘‘Fire Making Apparatus in the U. S. National 
Museum” by Walter Hough, No. 2735, from the Proceedings of 
the U. S. National Museum, Washington, D. C., 73, Article 14, 
(1928), 72 pp., now out of print. 
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As the operation proceeds, wood dust drops into the 
slot, and smoke appears, the heat of friction charring 
the dust which coheres in the slot. By fanning or 
blowing the mass of smoking wood dust, a glowing 
ember is produced. This is placed on the tinder of 
dried grass, or selected fine bark, and blown until it 
bursts into flame. This method requires much skill 
and is the most difficult of the wood friction methods 
to operate single-handed. Early explorers report that 
the operation of the two-stick drill was too strenuous 
for the elderly men, and that the method was not 
usable by many tribes in wet weather. The two-stick 
drill was frequently operated by two persons using two 
pairs of hands, thus insuring continuous rotation of the 
drill. The method is more readily carried out by the 
use of a socket held by a second person over the top of 
the drill with a downward pressure. The socket is 





FIGURE 3.—OPERATION OF A STRAP DRILL 


made of a close-grained wood, with an inverted ‘“‘V” 
or pivot-shaped hole to receive the pivot-shaped top of 
the drill. 

The slot in the hearth for the accumulation of the 
charred dust is an invention of the greatest importance; 
this permits the oxygen of the air to contact the hot 
wood dust. Two-stick drills without the fire slot have 
been found in Costa Rica and also among the Eskimos. 
It is regarded as the most primitive type. Another 
type of hearth used by the Eskimos has a groove be- 
tween the drill holes, in the hearth, to receive the 
charred dust (Figure 5). 

The Strap or Cord Drill.—This method was used by 
the Eskimos and also in Asia and Siberia. The drill 
is placed in the notched depression on the edge of the 
hearth (Figure 3) and pressed downward by a socket 
held on top by a second person. The rotation is 
carried out by a strap or cord with one or two turns 


JOURNAL OF CHEMICAL EpucaTion 


around the drill. A small stick is tied to each end of 
the strap for convenience in holding and the drill is 
rapidly rotated by a left and right motion of the strap 


























FicurE 4.—EsKImMo STRAP DRILL 


or thong with the two hands. The socket is pressed 
down as firmly as possible without retarding the rota- 
tion of the drill. The speed is gradually increased as 
the operation proceeds. The dust from the friction 
chars, and the glowing coal is transferred to a tinder, 
such as fine moss or grass. 

An Eskimo set is illustrated in Figure 4. The hand 
grips were made of bears’ teeth and a stone was in- 
serted in the socket to hold the top of the drill. The 
hearth had a shelf to prevent the glowing spark from 
falling into the ice and snow. The Eskimos frequently 
held the socket in their teeth, thus permitting fire to be 
made by one person. No other race used this unique 
method. 

The Bow Drill.—With the exception of Africa and 
Japan, the bow or hand drill has wide distribution and 
was extensively used by the Eskimos and North Ameri- 
can Indians. It has wide application for the drilling 
of wood, bone, and ivory. In this apparatus, a bow of 
straight stick replaces the arms in the strap drill. It 
is the easiest of the wood friction methods of 
fire making. 
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The bow is thirty inches long, with about a three- 
inch bend. A leather thong, or a strap one-fourth of 
an inch wide, is fixed to the bow through a hole in each 
end. The drill is nine inches long and five-eighths of 
an inch to three-quarters of an inch in diameter, pivot- 
shaped on top to fit in the socket and rounded on the 
bottom. The socket, of hard maple (waxed), a pine 
knot, or a piece of soapstone, has an “‘A”’ shaped hole to 
receive the top of the drill. The Eskimo wooden 
socket had a soapstone or stone inset for the pivot. A 
glass percolator top will serve as a socket. The hearth 
is two and one-half inches by ten inches, and five- 








FicureE 5.—Eskimo Bow DriLi 


eighths of an inch in thickness. The initial hole is 
made on the hearth near the side, and a “‘U”’ notch 
one-eighth of an inch wide is cut to the center of the 
hole. The drill is pointed only for starting a new hole 
and should be flat with rounded edges for the fire mak- 
ing. If the drill head wears off center it must be 
flattened with a knife, because a wobbly drill will 
scatter the wood dust. 
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Among the most interesting fire bow sets are those of 
the Eskimos. Figure 5 shows a bow of caribou bone 
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FiGureE 5A.—EsKIMo DRILL 


and a socket with a flange for holding in the teeth. 
Figure 5a shows a bow drill of carved walrus ivory with 
a pictorial design. 

The position of the operator is shown in Figure 6. 
The hearth is held firmly under the foot. The drill is 
held in a perpendicular position, with left hand braced 
against the left leg. The thong has one turn around 
the drill. The first strokes of the bow are made slowly 
to test the adjustment. The slack of the thong can be 
taken up by pressing it in with the thumb. The rela- 
tion between the firm downward pressure on the socket 
and tension on the thong can be determined by trial. 
Strokes are long, full, and parallel, not short and jerky. 
The speed of the strokes and the pressure on the socket 
are gradually increased to the maximum, until dense 
smoke rises as the dust chars and a spark develops in 
the dust (at a temperature of 550 to 650°F.). Gentle 
blowing or fanning produces a glowing ember, which is 
transferred to the tinder. For speed, a flat wad of 
tinder (fine, dry, red cedar bark) is placed under the 
notch before drilling begins. The tinder is folded 
round the ember, held above the level of the mouth, 
and blown until the tinder bursts into flame. 
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The Compound or Pump Drill—This device was 
used for fire making in Asia, and by the Eskimos and 
Indians in North America. It has had more extensive 
use for drilling wood, bone, and ivory than for fire 
making. The drills used by primitive races were of 
flint and later of metal. 

There is a substantial variation in the size of these 
sets, as can be seen by examination of specimens in 
some of the larger museums. A medium-sized set can 
be made with a drill two and one-half feet long and 
three-quarters of an inch in diameter, and a wheel of 
about seven inches in diameter and one and one-half to 
two inches thick (Figure 7). The cross bar has a hole 
in the center to receive the drill and is about fifteen 














F1GURE6.—OPERATION OF A Bow DRILL 


inches in length. A thong from the ends of the cross 
bar passes through a hole in the top of the drill and the 
operation is carried out by twisting the thong around 
the drill and then pressing the cross bar down, which 


causes the drill to rotate. When the cross bar reaches 
the downward position a few inches above the wheel, 
the wheel reverses, winding the thong around the drill 
and elevating the cross bar to its original position. At 
this point the cross bar is pressed down and the opera- 
tion repeated. If the wheel is too light in weight the 
reverse winding action does not occur automatically. 
If, on the other hand, the wheel is too heavy, the pos- 
sible speed of the drill is reduced. 

The Friction Saw.—The use of the friction or fire saw 
centers in the bamboo area, or the East Indies, Malay 
Archipelago, Philippines, and India. 

A section of bamboo is split and a notch cut on the 
convex side (Figure 8). Another piece of bamboo with 
a sharp edge is sawed or rubbed rapidly back and forth 
in the notch. The heated dust falls through the notch; 
smoke and then a glowing ember appear in the pile of 
dust (Figure 9). 

The Fire Thong.—This method is closely related to 
the fire saw and is used in southeastern Asia, the East 
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Indies, and West Africa, and was formerly used in 
northern Europe. In the Far East a thong of flexible 
rattan is used (Figure 16). The ends of the thong are 
held in each hand and sawed vigorously to and fro over 
a split stick of soft wood. The heated dust resulting 
from the friction accumulates and soon smoke and a 
glowing ember appear. In central New Guinea the 
Pygmies use the fire thong for sawing down trees, which 
suggests the origin of fire making by this method. 
The Fire Plow.—This method is largely confined to 
the Pacific islands, that is, the Polynesian cultural 
area, where it is still used in the outlying islands. The 
two-part apparatus consists of a dull-pointed rubbing 
stick which is usually of hard wood (Figure 10). The 
hearth is a light corky wood, such as the Parite tiliaceum 
found in Tahiti. Yucca or balsa can be used for the 
hearth. The rubbing stick is held between the inter- 
locked fingers at a low angle, and a groove is made by 








FIGURE 7,—OPERATION OF A COMPOUND DRILL 


rubbing backward and forward. The angle of the 
rubbing stick is then elevated from 40° to 45° and 
the rubbing continued with a strong downward pressure, 
gradually increasing in speed. Wood dust accumulates 
at the point of the rubber. With continued rubbing 
the dust chars, smoke appears, and a glowing spark 
arises. Great care must be taken to avoid scattering 
this pile of dust by a stroke of excessive length. Con- 
siderable practice is necessary to secure control of the 
length of the stroke. 


PERCUSSION (STRIKE-A-LIGHT) 


Pyrites and Flint——The origin of the pyrites strike- 
a-light is attributed to observation of sparks by man 
in the early Stone Age in the working of flint and stone. 
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This is regarded as the first method of making fire used 
by man. Nodules of pyrites with well-marked grooves 
were found in the Magdalenian deposits of the old 
Stone Age (upper Paleolithic). 

When a piece of iron pyrites (fool’s gold) is struck 














FIGURE 8.—BAMBOO FRICTION SAW 


with another piece of pyrites, large, dull red sparks fly 
off. The Eskimos called these “‘firestones.” A similar 
result is produced when pyrites is struck with flint 
(a flint scraper) (Figure 11). In North America, ex- 
plorers found it in use by Eskimos from Alaska to 
Labrador, and by the Indians of the high north, in- 
cluding the Athapascans, the Algonquins, and the now 
extinct Beothucs of Newfoundland. Alexander Mac- 
kenzie, in his trip of discovery to the mouth of the 
Mackenzie River in 1789, found that the Slave and 
Dogrib Indians built fires with pyrites and flint. The 
Eskimos of western Greenland also used the pyrites 
strike-a-light. At the other end of the earth, we find 
pyrites used by the Patagonians, this mineral being of 
frequent occurrence in Tierra del Fuego. Fires are 
still made with pyrites by the Eskimos in certain iso- 
lated sections of Alaska, while in other sections its use 
has become a completely lost art. 

On account of the tendency of pyrites to break or 
crumble when struck with another piece of pyrites, the 
flint scraper or striker is preferred, as it enables greater 
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precision. The hard, fine-grained pyrites is best. The 
smooth crystals are not used for spark making until 
roughened with a flint edge or file. 

The use of pyrites and flint by the Eskimo is shown 
in Figure 12. The flint with a sharp bottom edge is 
held in the right hand and struck downward with a 
quick chopping blow on the side of the pyrites, which is 
held in the left hand on a piece of hide to protect the 
hand. The sparks drop into the tinder of dry catkins 
of the dwarf arctic willow or arctic cotton, which rest 
on a lump of fine dry moss or grass. After a spark has 
caught in the tinder, the glowing speck is gently and 
repeatedly blown until a large glowing coal results, 
which will ignite a thin splint, or blown until the tinder 
bursts into flame. 

The Beothuc Indians used the dry underdown of the 
Canada jay or eagle for tinder, and the Aleutian Island- 











FIGURE 9.—OPERATION OF A BAMBOO FRICTION SAW 


ers used seabird down sprinkled with sulfur. Fire can 
be produced from pyrites only with the aid of a quick 
tinder. Finely powdered charcoal was added to the 
tinder. The first use of gunpowder by the Eskimos 
was for the purpose of soaking tinder in “ gunpowder 
water,” followed by drying. The potassium nitrate— 
an oxidizing agent—in the powder gave a “quick”’ 
tinder, further aided by the fine sulfur and charcoal. 
Steel and Flint.—Pyrites is the ancestor of the steel 
and flint, and was used to ignite powder in the musket 
pan before their introduction. When pyrites is struck 
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with steel (such as a piece of file), the sparks from the 
steel are white, fine, and fast moving, with many 
points, while the sparks from the pyrites are large and 
of a dull red color. 

The use of steel for fire making was a development 
in the late Iron Age. The limited and costly output of 
steel in the early Iron Age was necessarily used for 
weapons and tools—the chisel and the file. The first 
record of its application for fire making was made by 
Lucretius, 95-51 B.c. A steel strike-a-light was found 








Ficure 10.—A Fire PLow 


in the remains of the pile dwellings of the Ueberlinger 
See and dates from the late Iron Age. The Chinese 
have used flint and steel for many centuries. The 
spread of the use of steel and flint over the world was 
due to the extension of commerce from centers of civili- 
zation to pioneer sections (Figure 13). Africa is a 
notable exception, where the use of steel and flint was 
restricted to the Mediterranean fringe. 

The explorers, traders, and settlers in North America 
introduced steel and flint, where it replaced the friction 
fire drill used by the native Indians. In the Pueblo 
area, however, the Indians were slow to utilize new 
methods, and never adopted the steel and flint, shifting 
only recently from fire sticks to matches. England led 
as a supplier of flints, owing to the fine quality of 
English flint and the expert work of the flint knappers 
at Brandon, where the industry still survives. The 
English tinder flints resemble the Neolithic scrapers. 
This is said to be one of the world’s oldest industries 
operating continuously in one locality. 

Quality of Steel—Iron does not produce sparks when 
struck with a hand flint. Likewise, soft steel is of no 
value for a steel and flint strike-a-light. A hardened, 
high carbon steel with carbon content of 3-4 per cent. 
or more gives bright, thin, forked sparks, an example 
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being a file, which contains over one per cent. carbon, 
Steel of a lower carbon content, about 1-2 per cent, 
gives a short spark, less readily. Steel with a carbon 





Ficure 11.—FLIntT AND PyrRITES STRIKE-A- 
LIGHT 


content of 0.8 per cent. and a manganese content of 0.3 
per cent. yields large sparks with relative ease. 
An examination of steel strike-a-lights, collected 





FiGuRE 12.—Eskimo FLINT AND 
PyRITES STRIKE-A-LIGHT 


from world-wide localities, shows that the file has been 
a prominent source of steel for this purpose. Several 
types of steels were used in North America: the 
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English type called a “flourish,” a straight bar with a 
curved handle; a curved bar with finger loops, of 
Spanish and French origin; the Holland “O” type; 
and the Russian design, a straight bar with ends bent 
back and meeting in the middle in the form of incurved 
hooks. Most of these were made from old files. 

The sharp edge of the moving flint cuts off small 
particles of steel which are heated to incandescence by 
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FiGurRE 13.—FLINT AND STEEL 


the heat of friction. During the contact of the hot 
particles of steel with the oxygen of the air, the carbon 
in the steel is burned to carbon dioxide. The sparks 
of high carbon steel show a characteristic forking and 
bursting effect not found in the line sparks of low car- 
bon steel. 

Excluding the match, the last step in the evolution 
of strike-a-lights is the use of cerium iron alloys, which 
produce with remarkable ease white sparks of high 
temperature when firmly rubbed with a sharp-edged 
flint or a piece of hard steel or the tip of a knife. This 
“sparking metal” alloy has familiar application in cigar 
lighters for igniting the vapor of a volatile liquid, such 
as a refined gasoline. 

Strike-a-light Sets —Steel and tinder containers were 
of widely differing designs and sizes, depending upon 
the country of origin and use; that is, for the household, 
traveler, or hunter. Great advance in design occurred 
in Asia, particularly in Mongolia and China, where the 
steel was fastened to the leather pouch which held the 
tinder and flint. These ‘‘chuckmucks’ were frequently 
decorated with gold, silver, and turquoise, and prac- 
tically always with brass. Complete pocket sets, or 
briquets, were used in many countries. 

The tinder box used in our Colonial households is 
shown in Figure 14. The box was hung in a warm, dry 
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place, beside the fireplace; this type originated in 
England where it had been in use for generations. The 
steel or ‘‘flourish’’ had a handle for holding it over the 
tinder box; the flint held in the right hand was struck 
‘a scraping downward blow against the steel and the 
sparks fell into tinder (charred linen). After the spark 
had ‘“‘caught” in the tinder, it was spread by blowing, 
and a sulfur-tipped splint or ‘‘spunk”’ ignited in the 
glowing tinder. The latter was then extinguished by 
replacing the cover of the box to exclude the air. The 
cover had a candle holder in the top, a fact which re- 
sulted in its use as a candlestick long after the intro- 
duction of the match. 

The tinder-wheel box represented one of the attempts 
to improve on the hand flint and steel strike-a-light. 
A steel wheel, held by wires around the shaft at the 
head of a small open metal box containing tinder, was 
rotated by quickly unwinding a string wound on the 
axle By pressing the edge of a flint against the wheel, 
a shower of sparks fell on the tinder. 

The tinder pistol was extensively used in Europe and 
later brought to America. It occurred in a variety of 
patterns, the later models being ornamented and of 
artistic design. One type was marketed in a pocket 
size. The tinder pistol was similar to the flint pistol, 
except that a large tinder box was provided to catch 
the sparks instead of a smaller powder pan, and sulfur- 
tipped splints were stored in the barrel or in the handle. 








FiGuRE 14.—STEEL AND FLINT, TINDER Box AND SPUNKS 


The North American Indians soon adopted the steel 
and flint for fire making as a substitute for the fire 
drill. They used a leather pouch to hold the tinder, 
flint, and steel (Figure 15). The pouch was carried 
from the belt, and the steels included a piece of old file 
or a steel with ends bent back for a handle. A common 
tinder was dried fungus, supplemented with dry rotten 
wood. There are many variations of the above- 
selected examples of tinder sets which today can_be 
seen only in museums or private collections. 
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A satisfactory flint and steel set can be made from a 
flat file, one inch wide by one-eighth of an inch thick, 
flint arrowheads, and charred linen. The file is 
smoothed on the edge with an emery wheel. Only the 
sharp edge of the flint yields sparks readily. After 
the sparks have caught on the charred linen, the latter 
is placed on the secondary tinder (finely divided red 
cedar bark or jute fiber from “‘newspaper twine’’) and 
blown until it bursts into flame. 

The Bamboo Strike-a-light——This fire-making curi- 
osity is a striking demonstration of the ingenuity of the 
early inhabitants of Malaysia. Its use was confined to 
the bamboo area of the Eastern Hemisphere. The 
bamboo strike-a-light was used in the Malay Archi- 
pelago, the Philippines, Cochin China, and on Waigon 
Island northwest of New Guinea (Figure 16). 

By striking the hard, flinty surface of the bamboo 
with a fragment of pottery, sparks are produced which 
are caught in a quick tinder for fire making. Smooth 
bamboos are not usable. A variety with a hard, rough, 
silica coating and an appearance and feel like fine sand- 
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FiGurE 15.—INDIAN TINDER Poucu, FLINT AND STEEL 


paper, known in the Philippines as ‘“‘bamboo buyo”’ 
(Schizostachyum lima), is used for this strike-a-light. 
The scurf down of a species of the Caryota palm 
serves as a tinder, which is carried inside a section of 
bamboo to preserve it in a dry condition. 
Tinder for Strike-a-light—Fire making by a strike- 
a-light requires a special tinder to catch the spark. 
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Tinder must be dry. Most tinders are of vegetable 
origin, although a few of animal origin have been used, 
such as bird down and the nest lining spun by certain 
South American ants. Vegetable tinders include (1) 














Ficure 16.—BAMBOO STRIKE-A-LIGHT (LEFT); FrirE THONG 


Set (RIGHT) 


charred linen or cotton, which should be charred to full 
blackness and may be prepared by heating pieces of 
linen cloth or flax in a can which must be covered at the 
last stages to prevent the tinder from burning up; 
(2) the down from seed heads out of bloom, such as the 
arctic cotton (Eriophorum vaginatum) and the down 
from the pussy willow; (3) fine scrapings of inflam- 
mable wood; (4) very fine bark, such as red cedar; (5) 
rotten wood or punk; and (6) fungi. The last-men- 
tioned material was widely used by the American 
Indians and included the fungi that grow on the birch 
and maple. Items 3 to 6 inclusive were usually charred 
and smothered to increase their sensitivity to sparks; 
punk, however, was charred on one end. 

“Quick” tinders were widely used and made by soak- 
ing the tinder in a solution of dilute potassium nitrate 
or gunpowder water. The German quick tinder was 
prepared by boiling the Polyporus (fomes fomentaruis) 
in a two and one-half per cent. solution of saltpeter 
and then drying. A good tinder can be prepared by 
soaking purified cotton linters or pure wood pulp (for 
example, the alpha cellulose from spruce) or better yet, 
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the charred fiber in a hot dilute solution of potassium 
nitrate, squeezing, and then drying. If an excess of 
nitrate is retained, the spark will spread too rapidly. 
Finely divided charcoal was frequently added to tinder 
and in certain sections sulfur was used to make the 
tinder more reactive to flying sparks. 


PHYSICAL METHODS 


Fire Piston or Fire Syringe—This Malaysian device 
occupies the first place among the world’s fire-making 
curiosities. The principle of the fire piston is based 
on the fact that when air is compressed it gives off heat. 
More specifically, when air is quickly reduced to one- 
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FicurE 17 —Ma tay FIRE PIsTons 
fifth or less of its volume, sufficient heat is evolved to 
ignite tinder. The Diesel engine operates on this 
principle. The fire piston was used from Burma 
through the Malay Peninsula, the Malayan Archi- 
pelago, Indo-China, and many of the East Indian 
Islands and the Philippines. 

The Malay fire piston consists of a cylinder of wood 
containing a smooth, accurately bored hole; a typical 
Measurement is one-quarter inch diameter and three 
and one-half inches deep, open at one end only (Figure 
14). The wood plunger has a thread packing on the 
outside to insure a tight fit. A small bit of tinder is 
placed in a recess in the end of the piston, and the piston 
driven down with a sharp blow and removed promptly. 
This rapid compression of the air ignites the tinder. 
Certain types of fire pistons had a small separate com- 














§ partment in the bottom for the storage of tinder and a 


hooked wire to remove the glowing tinder. Attempts 
were made to manufacture fire pistons in Europe over 
acentury ago. According to the records, the European 
replicas were a failure, a further indication that the 


construction of a workable fire piston must be carried 
out with exactness. Figure 17 shows several different 
types of fire pistons. 

The following table shows the temperature rise when 
air, with an initial temperature of 20°C., is subjected 
to a reduction of volume, assuming no loss of heat: 


Resultant 
Temperature 


237°C. 
285°C. 
463°C, 
698°C. 


Per cent. of Original 
Volume after Compression 


25 per cent. 
20 per cent. 
10 per cent. 

5 per cent. 


Lens and Reflector.—The making of “pure fire’ 
direct from the sun by the concentration of the sun’s 
rays with a lens or mirror was commonly related to 
cult and religious ceremonials, as in the lighting of the 
sacred fire in Rome and Greece. The rise of the lens 
for the production of fire belongs to a relatively late 
stage of civilization, after the working of rock crystal 
or quartz in the Roman period. 

The rock crystal lens was used to a limited extent in 
Europe for fire making. In China the glass burning 
lens has had long and most extensive use. Fire pro- 
duction with a lens is necessarily limited to clear 
weather. A pocket magnifying glass or a reading glass 
can be used, focusing the sun’s rays to a point on the 
dry leaves, bark, or paper to be ignited. 

Concave mirrors of gold, other metals, and glass 
were used for fire lighting, notably by the Romans and 
Greeks. The story of the burning of the Roman ships 
at Syracuse by the mirrors of Archimedes is well known. 
The use of curved gold mirrors by the Virgins of the 
Sun in Peru and by the Incas was reported by early 
writers but since questioned by ethnologists. 

Of present-day importance is the fact that fires are 
frequently started in stores and homes by the focusing 
of the sun’s rays through water bottles, fish bowls, 
and by reflection from curved surfaces. It is further- 
more reported that forest fires have been started by the 
passing of the sun’s rays through an empty bottle. 


MODERN METHODS 


The evolution of the match is a dramatic story of it- 
self. Despite the fact that its use is now considered 
universal, there are still tribes in the hinterlands of 
Africa, South America, and other sections using wood 
friction or strike-a-lights for fire making. Matches 
were first made in this country in 1835, and gradually 
replaced the earlier methods of fire making. 

The electric spark is a highly important addition to 
the modern methods of fire making as, for example, in 
the household oil burner and the gasoline engine. Ata 
speed of seventy-five to eighty miles per hour a modern 
automobile makes or sets two hundred fifty to three 
hundred fires per second. 

Thus, modern man is a fire maker almost beyond 
calculation. Not so with early man. For him, the 
making of fire was a task, and, once made fire was a 
thing to be preserved. 
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INTRODUCTION 


HE purpose of giving college entrance examina- 

tions is to make it possible to select the candidates 

who give promise of being able to profit from four 
years at college and to eliminate those who do not. 
The examination in chemistry should assure the college 
instructor, furthermore, that the students who have 
been given entrance credit in chemistry possess sufficient 
maturity of viewpoint to be able to handle the work in a 
more advanced course than the usual introductory fresh- 
man chemistry. The examinations should be planned, 
therefore, to test the ability of students to apply what 
they have learned. 

The examinations set by the Board should not 
dictate the entire content of the secondary-school 
chemistry course, but should be of such nature that 
students who have been well trained in certain mini- 
mum fundamental topics will show up well on them, but 
those who do not think logically about chemistry will 
fail. 

Those who have studied the matter agree that stu- 
dents remember the principles they have studied long 
after they have forgotten most of the facts. They 
will recall only the facts which appealed to them partic- 
ularly strongly. But if they have learned to think in 
terms of chemical principles and logical theories, they 
will retain much of this ability for a long time. 

The chemistry course should be designed so that 
plenty of time is allowed for the mastery of a few im- 
portant chemical principles. The development of the 
topics should be logical and as exact as possible, 
keeping the distinction between experimental evidence 
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and theoretical explanation quite clear. The part of the 
work dealing with applications of theory should be 
started early and emphasized continually throughout 
the year. In an elementary course it is necessary to 
cover thoroughly only a minimum of such theoretical 
topics, but they should be taught with the fundamental 
postulates of the scientific method kept constantly in 
mind. The distinction between the experimental 
evidence—the facts—and the theoretical explanation— 
the theory—should be kept crystal clear. The theo- 
retical topics which are selected for inclusion should 
be of fundamental importance and general application. 
Obviously, it is possible to cover only a few, but they 
furnish an adequate basis for examination. Such 
theoretical topics should constitute only a small frac- 
tion of the total content of the course. 

The teacher will wish to enliven his course with the 
introduction of topics of local and current interest. 
The student will be presented with hundreds of facts, 
but it is unimportant which facts he ultimately re- 
members. It is logical to expect, however, that the 
successful student will be able to interpret data and 
correlate it in terms of his theoretical background. 

The time has arrived when it is desirable to eliminate 
from the secondary-school course much theory which 
is no longer of service to chemistry, even though it is 
historically interesting. The Committee does not dis- 
agree with those who wish to trace the development of 
an idea using a historical approach, but it believes that 
the student should finally be brought up-to-date and 
left with the broadest viewpoint at the end of discus- 
sion. A case in point is the Arrhenius theory of the 
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“degree of ionization” of salts. If the student is not 
presented with data which does not follow the Ar- 
rhenius Theory, and is not presented with some of the 
more successful ideas used in explaining the data, he 
does not have the opportunity to reach his own con- 
clusion concerning the material. 
Arrhenius Theory as a fact rather than a historically 
interesting theory which was successful in explaining 
the rather inaccurate data available at the time of its 
promulgation, he is not being prepared adequately for 
college work in chemistry, and he is not being imbued 


If he is taught the ° 
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OUTLINE OF THE PLAN FOR THE SYLLABUS RECOMMENDED 
BY THE NEW ENGLAND ASSOCIATION OF CHEMISTRY 
TEACHERS’ COMMITTEE ON COLLEGE ENTRANCE 
EXAMINATIONS 

Part I.—An outline of general topics which all elemen- 
tary courses in chemistry should cover, whether a one- 
year course in chemistry, or a two- or three-year course 
in the physical or biological sciences. Emphasis should 
be placed upon the distinction between experimental 
data and theoretical explanation. 


Part II.—An outline of the descriptive material which 


THE PERIODIC SYSTEM OF THE ELEMENTS 
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with the scientific approach. It is more important 
to the student to have acquired a scientific viewpoint 
than to have memorized a handbook of data. If a 
theory is worth introducing into the secondary-school 
course, it should be developed logically and not pre- 
sented as a theology. Furthermore, it is unsound to 
teach students principles which must be unlearned 
later. It either leaves them with the feeling that their 
secondary course was no good, the teacher incompetent, 
or develops in them a distrust for science and its 
methods in general. The modernization of the second- 
ary-school course can be accomplished only by the 
immediate introduction of a more scientific viewpoint 
with respect to the theories of the science. 

The plan which the Committee of the New England 
Association of Chemistry Teachers submits is divided 
into three parts. By grouping the subject matter into 
these three categories, the Committee feels that the 
course can be made more flexible. It allows the teacher 
to bring his own viewpoint to bear more strongly 
through his selection of the topics in which he and his 
students are most interested and upon which he will 
do his best teaching. The college instructor does not 
care what descriptive material the student has studied, 
provided he has had thorough drill in the important 
generalizations of elementary chemistry and an op- 
portunity to appreciate the value of the scientific 
method of thought. 

The committee would emphasize very strongly its 
belief that it is not essential to examine the student upon 
all the topics which have been introduced into the 
course. 
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should be used to illustrate the generalizations. There 
might be considerable deviation from such a list in 
case of the second level examinations. This section 
can be modified for preparation for examinations in the 
physical and biological sciences. This present list 
represents in the best judgment of the committee what 
should definitely be included in the one-year course in 
chemistry in preparation for the first level examinations. 

Part III.—An outline of supplemeniary topics. 
(Specific questions on these topics would not be placed 
on the examinations.) 

In addition to the laws and theories in Part I and to 
the factual material in Part II, the individual teacher 
should select for the enrichment of his course suitable 
topics which may be found in any good chemistry 
textbook. (A large number of such topics are included 
in the “Outline of Essentials for a Year of High- 
School Chemistry,’”’ JOURNAL OF CHEMICAL EDUCA- 
TION, 13, 175 (Apr., 1936) written by B. S. Hopkins, 
L. W. Mattern, W. Segerblom, and N. E. Gordon. 
Reprints may be obtained for fifteen cents from the 
JOURNAL OF CHEMICAL EpuCATION, 20th and North- 
ampton Streets, Easton, Pennsylvania.) 

At the present time in following the College En- 
trance Examination Board Syllabus, the teacher finds 
that he must cover all of the ‘Supplementary Topics” 
just as thoroughly as those in the main list, since he 
does not know where the lightning is going to strike. 
It is the hope of the committee that by limiting the 
factual content of the examination to the topics in 
Part II, the teacher will be freed of the grim task of 
covering superficially “everything in the book.” 
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NEW ENGLAND ASSOCIATION OF CHEMISTRY TEACHER’S 
PLAN FOR A SYLLABUS OF TOPICS TO BE COVERED BY 
COLLEGE PREPARATORY STUDENTS UPON WHICH THE 
COLLEGE ENTRANCE EXAMINATION BOARD WOULD 
BASE ITS EXAMINATIONS 


PART I. GENERAL CHEMISTRY 


I. Periodic Law and Its Relation to Atomic Numbers. 


A brief treatment only is desired, but the student should be 
aware of the variations in properties of the elements as one 
proceeds horizontally and vertically through the periods and 
families. The long type (expanded form) of the table is more 
useful than the older Mendeléeff type. (Cf. Foster, L. S., 
Rept. New Eng. Assoc. Chem. Teachers, 39, 23 (Sept., 1937).) 

(A printed Periodic Table should be supplied each examinee 
for use during the examination.) 
tNotes: Topics upon which calculations are permitted are 

marked with an asterisk. The topics are not arranged in 

order of presentation in the classroom. Topics marked with 

a? represent those which may be considered common to both 


physics and chemistry. 


IT. Structure of Atoms. 
+?A. Nuclear charge and the major groups of the extra-nuclear 
electrons only. (Restricted to the first twenty elements.) 
B. Explanation of the periodicity in properties of the elements 
in terms of atomic structure. 
C. Ionic valence and its relationship to the inert gas structure. 
(In the first three periods of the table only.) 


Physical Properties of Solids, Liquids, and Gases. 


. Kinetic-Molecular Theory. 

Dependence of the kinetic energy of motion of molecules 
upon the temperature. Differences between solids, liquids 
and gases from kinetic-molecular viewpoint. 

. Properties of Solids. 

Crystal lattices—presence of ions in crystals of salts. 
. Properties of Liquids. 

1. General properties of liquids. 

2. Presence of ions in fused salts. 
. Properties of Gases. 

P*]_ Effect of changes in temperature and pressure on the 
volume of gases and the explanation in terms of the 
kinetic-molecular theory. 

*2. Partial pressure of gases ima mixture. 

P*3. Reduction to standard conditions, including correc- 
tion for vapor pressure of water. 

4. Avogadro’s Law—*derivation of gram-molecular 

volume. 


Chemical Changes 


. Compounds, Elements, and Mixtures. 

1. Nature of chemical changes. 

P2. Definition only of atom, molecule, ion, and radical. 

3. Types of chemical reactions. 

P4, Electrochemical series (an electrochemical series 
table should be supplied each examinee for use during 
the examination). 

. Chemical Combination Explained in Terms of Atomic 
Structure. 

1. Combination and displacement reactions in terms of 
electron transfer. : 

2. Sharing of electrons in formation of un-ionized com- 
pounds. 

3. Ionic nature of substances entering double decom- 
position reactions. 

C. Valence. 

1. Ionic valence (electro-valence) equal to the charge 
possessed by the ion. Emphasize essential ionic 
nature of salts. 

2. Covalence—equal to number of pairs of electrons 
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shared with other atoms. Emphasize essential non- 
ionic nature of non-electrolytes. 
Coérdinate covalence—a covalence bond in which 
both electrons of the pair are furnished by only one 
of the atoms. (Illustrated in the formation of an 
ammonium ion from an ammonia molecule.) 
*D. Balancing of Simple Chemical Equations (by inspection 
only). 
E. Quantitative Relationships in Chemical Reactions. 
*1. Laws of combining proportions. 
*2, Gay-Lussac’s Law of combining volumes. 
*3. Problems based upon chemical equations. 
*(a) Weight relationships. 
*(b) Volume relationships. 


V. Solutions. 


A. Definition of terms; saturated, supersaturated, unsatu- 
rated, concentrated, and dilute solutions. 
1. Experimental method for distinguishing between such 
types of solutions. 
B. Solutions of Electrolytes. 
1. Complete dissociation of salts and strong acids. 
2. Degree of ionization of weak acids. 
3. Modern definition of acids and bases 
Acid = H+ + Base 
4. Hydrolysis of salts—Reactions of ions with water. 
5. Reason why ionic reactions go to completion. 

(a) Formation of a weakly ionized product. 

(6) Formation of an insoluble gas or solid. 
Electrolysis of aqueous solutions (use as examples 
those substances only in which the final products are 
the result of the direct discharge of the solute ion; 
e. g., CuCl). 

Electrolysis of fused salts (either when pure or in 
mixtures). 


PART II. DESCRIPTIVE CHEMISTRY 


I. Chemistry of Some Non-Metals and Their Common Com- 
pounds—Oxygen, Hydrogen, Nitrogen, Sulfur, Carbon, and 
Halogen Family. 

This topic should be expanded to give a more complete list of 
properties and reactions which should be included. The Com- 
mittee feels that in view of the uncertainty of the outcome of 
this report, if the College Entrance Examination Board wishes 
additional data, this question should be referred back to a com- 
mittee of teachers for amplification. 

II. Composition of Air. Relation of Air to Combustion and Life 

Processes. 


III. Water; Its Composition and Purification. 


IV. Chemistry of Five Metals and Their Common Compounds— 
Sodium, Aluminum, Iron, Zinc, and Copper. 


1. Definition and properties of metals in general. 
2. Occurrence of these five elements and their extraction from 


ores. 
3. Simple reactions into which they enter. 


V. Qualitative Analysts. 
1. Test for ions in solution in the absence of interfering ions. 
(a): -Anions:; -CEo; Bri, It; SO8-; St; COs; 
SO;?- 
(b) Cations: Ag!+; NH,'*+; Ba**; Cu*+; Fe?+; Fe*+; 
Al?+; Zn?+ 
(c) Flame tests for Na+; K!+; Ba?* 

The reader should bear in mind constantly that the plan is not 
intended to be an outline for the course, but is an outline of the 
maximum requirements for preparation for the College Entrance 
Examination Board’s examination in chemistry on the first level 
and for combined examination in chemistry and physics and 
chemistry and biology on the second level. 











TION 


il non- 
which 
ly one 
of an 


ection 


isatu- 


such 


er. 


nples 
Ss are 
ion; 


or in 


— 


om 


10t 
he 
ce 
vel 
nd 

















JANUARY, 1939 


We recommend: 


1. That the syllabus issued by the College Entrance Examina- 
tion Board to guide the student have the general form and 
content of the plan described in this report. 

2. That on the College Entrance Examination Board exami- 
nations, questions covering the descriptive material be of 
the objective type. The examination should include a 
selection of facts which would be covered by most courses 
in chemistry, following Part II of the plan submitted here. 
(The Committee is in fair agreement over the topic of choice 
questions and believes that it is possible to prepare fair 
examinations upon which there is no choice. If choice 
questions are eliminated, the present form of the examina- 
tion would have to be profoundly modified.) 

3. That the part of the examination covering the principles of 

chemistry attempt to test the student’s ability to reason 

about chemical situations, rather than his skill in remem- 
bering pat answers to trite examples. The College En- 
trance Examination Board should feel free to include simple 
calculations (as indicated in Part I of the plan) and to use 
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any other technic which can be shown to measure this 

quality of the student’s mind. 

4. That no problems be introduced on the examination in 
which transfer from one type of unit to another is inci- 
dental to the working of the problem. 

5. That individual laboratory work be required as preparation 
for the examination. The College Entrance Examination 
Board syllabus, however, should not attempt to state which 
experiments merit inclusion, as the planning of the course 
should, in general, be left to the teacher. 

6. (a) That, with regard to the conduct of examinations, at 
the beginning of the examination period, the student be 
presented with a pamphlet in which is printed a 4-place 
logarithm table, a set of atomic weights, a periodic table 
(preferably the long type), an electrochemical series and a 
set of selected physical constants for reference purposes. 
(6) That during the examination the use of slide rules for 
arithmetical calculations be permitted. 

7. That the syllabus finally proposed by the College Entrance 

Examination Board be submitted to teachers for criticism 

before adoption. 
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Filtering gas through glass. W.H. ATKinson. Chem. Met. 
Eng., 45, 176-8 (Apr., 1938).—Within the last few years a 
fibrous glass has been developed for filtering gases. Being in- 
organic it is not affected by the usual temperatures encountered 
and sparks will not ignite it. Glass will not absorb moisture. 
Consequently, there is no swelling of the fibers to cause a closing 
of the pores in the fabric. Most flue gases contain acid con- 
stituents which act on organic filtering media. The inherent acid 
resistance of glass is thus highly advantageous in comparison 
with other textiles. 

The glass filaments used in making textile material average 
between 0.002 and 0.003 in diameter and are non-curling. 

Some question has been raised concerning the life of this prod- 
uct. Laboratory and semi-commercial tests indicate it will 
perform satisfactorily over a period of years. + W. A. 

Changing processes of petroleum refining. G. F. FITZGERALD. 
Chem. Met. Eng., 45, 172-5 (Apr., 1938).—Characteristic of 
current changes in the petroleum refining industry is the steady 
departure from established processes. A few years ago 70-octane 
fuel was regarded as a great achievement; today 100-octane 
gasoline is on the market. 

All refining processes are being subjected to investigation. 
One of the worst offenders is the “‘doctor” treatment. In this 
treatment free sulfur is added after sufficient time has elapsed 
for the mercaptans to react with the sodium plumbite. Sulfur 
is often added in excess, thus making the gasoline corrosive. 


The doctor treatment may also cause polysulfides to be formed, 


which in turn produce a knock. 
One of the newer sweetening agents is copper chloride, which 
converts the mercaptans into disulfides instead of polysulfides. 
Similar results are obtained by the use of lead sulfide. 
The use of sulfuric acid as a treating agent is by no means 
approaching an end, but the technic of its use has been greatly 
improved and is more carefully controlled. 
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The yield of high quality motor fuels is being further improved 
by advances made in the polymerization of refinery gases. Satu- 
rated gases are first converted into unsaturates and these are 
polymerized into motor fuels by aid of catalysts. 

Today over $12,000,000 is being spent annually in laboratories 
that employ over 3200 engineers, chemists, and physicists, and 
their research work is having a marked effect on gasoline manu- 
facture. J. W.H 


New chemical fibers surpass silk. Chem. Met. Eng., 45, 
525 (Oct., 1938).—A new material known as Fiber 66 is a thermo- 
plastic polyamide resin formed by heating in substantially equi- 
molecular amounts a diamine and a dibasic acid or an amide form- 
ing derivative of a dibasic acid under proper conditions. It is 
believed adipic acid is one of the important acids used. Bristles, 
sheets, ribbons, rods, and tubes can be formed from it. 

The outstanding characteristic of these polyamides is elas- 
ticity and water resistance. They also have high tenacity, high 
fiber orientation, good chemical resistance, and good aging char- 
acteristics. The fibers are lustrous and silky in appearance, but 
can be delustered and will take common dyes readily. ae 


What about western phosphates? Eprroriat Starr. Chem. 
Met. Eng., 45, 486-7 (Sept., 1938)—Ninety per cent. of the 
United States phosphate deposits are in Idaho, Montana, Utah, 
and Wyoming. The Anaconda Copper Mining Company is 
operating a mine at Conda, Idaho, from which it ships its ore to 
Anaconda, Montana, and converts it into so-called ‘‘triple’”’ super- 
phosphate. 

The chief mine in Montana is near Garrison and sends most of 
its phosphate rock to Trail, B. C., where it is converted into 
superphosphate and ammonium phosphate. 

During 1937, 83,436 long tons were mined in Idaho, ona. 50,834 
long tons in Montana. J. W. H. 
















RECENT BOOKS 


AN INTRODUCTION TO CHEMISTRY. John Arrend Timm, Assistant 
Professor of Chemistry, Yale University. Third Edition. 
McGraw-Hill Book Company, New York City, 1938. xx + 
568 pp. 14 X 20cm. $3.50 


The first and second editions of this well-written book [reviewed 
in J. Cuem. Epuc., 8, 411-12 (Feb., 1931) and ibid., 9, 1839 (Oct., 
1932)] bear upon the title page an announcement, ‘‘A Pandemic 
Text,” that is omitted from the third edition. Nevertheless, it 
is the same book in the general manner of treatment, the princi- 
pal changes being the introduction of brief but very good chap- 
ters on nuclear chemistry and on the generalized definitions of 
acids and bases. The discussion of atomic structure and valence 
is also brought more nearly up-to-date. 

In the preface the author states, ‘‘It is no easy task for the 
teacher of elementary chemistry to decide when to discard the 
outworn and welcome the new. Inevitably a period of years must 
elapse between the time that the use of a new concept becomes 
frequent in research literature in a specialized field and its intro- 
duction to students in an elementary course.’’ Most certainly 
each teacher has a right to his own convictions about the extent 
of the inevitable lag between the adoption of new concepts by 
research pioneers and the introduction of those concepts into 
elementary instruction. No doubt many teachers will feel that 
the author has combined in a happy manner the conservation of 
time-honored viewpoints with an indication of the direction in 
which chemistry is developing. The reviewer sympathizes with 
the desire to avoid discarding concepts of value, but, at the same 
time, he is keenly aware that we may sometimes mistake famili- 
arity for value. And the attempt to retain old viewpoints that 
are flatly contradicted by new ones can but lead to confusion. 
To illustrate, the author both states and implies in a number of 
instances (pages 65, 238, 313, 372, 375) that sodium chloride and 
salts in general are composed of ions, and yet he uses the term 
“salt molecule” (page 313) an inconsistency that is softened 
somewhat, perhaps, by a footnote stating that he really means 
an ion-pair. This follows upon the background of two definitions 
of ‘‘molecule” (pages 64-5) both of which emphasize its particu- 
lar nature. Does one have the pedagogical right to use the term 
“molecule” to mean a discrete particle of matter and also to 
mean an ion-pair? The reviewer questions whether one does. 

This criticism is directed principally at the current state of our 
definitions. It is to be hoped that the committee on nomencla- 
ture and definitions of the Division of Chemical Education will 
point the way in its report toward clarifying such difficulties and 
many others. Leaving aside questions of this kind, the answering 
of which is the responsibility of all chemists rather than of any 
one author, Dr. Timm’s book is a stimulating and valuable con- 
tribution. 

E. A. WILDMAN 


EARLHAM COLLEGE 
RICHMOND, INDIANA 


OUTLINES OF BIOCHEMISTRY: THE ORGANIC CHEMISTRY AND 
THE PHYSICOCHEMICAL REACTIONS OF BIOLOGICALLY IMPOR- 
TANT COMPOUNDS AND Systems. Ross Aitken Goriner, Mem- 
ber National Academy of Sciences, Professor of Agricultural 
Biochemistry in the University of Minnesota, and Chief of 
the Division of Agricultural Biochemistry, University of 
Minnesota and the Minnesota Agricultural Experiment Sta- 
tion. Second Edition. John Wiley and Sons, Inc., New York 
City, 1938. xx + 1017 pp. 165 figs. 14.5 X 23cm. $6.00. 


Nearly twenty years ago, when the reviewer was a graduate 
student of chemistry, he was surprised to hear his teacher of col- 
loid chemistry advise the class to read about this subject in a work 
on general physiology, that of Bayliss. Since the appearance of 
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Professor Gortner’s book* in 1929, many students of colloid 
chemistry must have experienced similar surprise on being ad. 
vised to study this subject in that work on biochemistry. In the 
new edition, which has been extensively revised, the first third 
of the book is still devoted to the colloidal state. A section on 
proteins occupies one-fourth of the text, which is completed by 
shorter sections on carbohydrates, lignin and the tannins, plant 
and animal pigments, the lipids and essential oils, and the bio. 
catalysts. New subjects include material on oxidation-reduc- 
tion (contributed by Dr. H. B. Bull), lignin, flavins, and hor- 
mones. 

The book differs from most biochemical texts in that it is 
intended, not for medical students, but for graduate students in- 
terested in biological problems. It lacks, therefore, a systematic 
treatment of the chemistry of the human body and of physiologi- 
cal processes. On the other hand, it contains a wealth of informa- 
tion, not found in other textbooks of biochemistry, on all of the 
subjects mentioned, as well as numerous references to the original 
literature. Although the reviewer feels that surface forces and 
adsorption have been over-emphasized, he believes that the book 
will be of great use to research workers in many branches of bio- 
logical science, and that it may also be recommended as a refer- 
ence book for medical students. 

Davin I. HiTcHcocx : 
ScHoot or Mepictne 


YaLe UNIVERSITY 
New Haven, CONNECTICUT 


Tue CHeEmists’ YEAR Book 1938. Edited by Z. Hope and com- 
piled by a staff of British collaborators. Special American 
Edition (printed in Great Britain). Chemical Publishing 
Company of New York, Inc., New York City, 1938. iii + 
1257 pp. 19 figs. 9 X 15.5cm. $6.00. 

This book is intended to be a compendium of chemical informa- 
tion for the chemist including besides the usual data in a book of 
tables of physico-chemical constants brief résumés of analytical, 
organic, industrial, physiological, and agricultural chemistry. In 
short, the book contains at least a few pages about all the 
branches of chemistry. The book was edited in Great Britain and 
has a distinctly British terminology as shown by oxidise, neutrali- 
sation, odour, mgrm., B.Th.U., and India rubber, while the term 
tap funnel (separatory funnel) puzzled me for a minute. I 
thumbed through all the pages, reading at random and compar- 
ing data with other sources occasionally. A casual checking of 
some of the melting points, boiling points, and so forth, showed 
some errors, slight for the most part. Some of the specific 
gravity tables were very old (1848, 1855, 1869) and should be 
replaced by more modern data. The gravimetric factors were 
not based on the latest atomic weights, and hence are valueless 
for accurate work. A larger page size would permit the use of 
larger type which is needed for many of the tables of data, and 
ruling of the tables would facilitate their use. The most serious 
fault in the book is the unsatisfactory printing and format. A 
number of the pages are clipped off so as to cut off data, tables 
are crooked, the printing is not clear on a number of the pages, 
and sometimes important numbers, parts of formulas, are illegible. 
Interesting features of the book are the material on (1) alkaloids, 
(2) buffer solutions, (3) electrometric pH measurement, (4) water 
and sewage analysis, (5) crystallography, (6) dyestuffs and inter- 
mediates. The authors have crammed an amazing amount of 
material into a compact volume while the index permits the 
user to find information sought with facility. The book is valu- 
able as a presentation of British chemical thought and viewpoint. 

Wiiuram O. Brooks 
TECHNICAL HicH SCHOOL 
SPRINGFIELD, MASSACHUSETTS 


( The first edition was reviewed by T. B. Johnson, J. CuEM. Epuc., 7, 484 
1 ’ 
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JOCELYN FIELD THORPE (1872- ) 


For biographical note contributed by Dr. Ralph E. Oesper, of the 


University of Cincinnati, see page 98. 
tograph here reproduced. 
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Dr. Oesper also lent the pho- 
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READ YOUR FAVORITE AUTHOR IN THE 
JOURNAL—CONTRIBUTE. A recent correspond- 
ent has written us, in part, as follows. 

“Although I have retained my membership in the 
American Chemical Society, I have been somewhat 
timid about taking part in the activities. It was made 
plain some years ago that the JOURNAL OF CHEMICAL 
EDUCATION was to place emphasis on college teaching. 
I read your editorial about such matters. I have had 
the impression that the Section on Chemical Education 
was not for high-school teachers. As a young teacher 
some years ago I turned my attention to areas that 
seemed to be interested in the high-school teacher 
I must confess that some years ago I was deeply hurt 
when the change in policy of your JOURNAL was an- 
nounced. I have not been critical and have gone on 
reading the JOURNAL OF CHEMICAL EpucaTION, but at 
the time I felt as if someone had stepped on me, and I 
could not understand why. I cannot help but wonder 
how many chemistry teachers have felt as bewildered 
as myself.’ 

At the risk of appearing to “‘‘alibi,” or to complain 
of handicaps that we have lacked the intelligence or the 
energy to overcome, it seems desirable to attempt to 
correct some misapprehensions that may be more gen- 
eral than we had supposed. 

In the first place, reference to the Editor’s Outlook of 
January, 1933, will confirm the statement that no an- 
nouncement of a change of editorial policy was made 
when an account was given of the necessary financial 
reorganization of the JOURNAL. In all honesty it was 
admitted that the JouRNAL could not continue on the 
same scale as formerly, but the intention to adhere as 
closely as possible to original editorial policies was 
affirmed. 

A specific comparison between the conditions of, say, 
1930, and the present, though in a sense painful, may 
help to make clearer the distinction between voluntary 
changes in editorial policy and imposed alterations in 
editorial practice. 

In 1930, the JouRNAL had a part-time editor-in-chief, 
two full-time editorial workers, a full-time secretary 
capable of considerably more than routine work, and a 
half-time stenographer and typist. Irregularly as 
necessary, it employed, at hourly or piecework rates, the 
services of a draftsman and of a photographer. At 
present the JOURNAL has a part-time editor, one full- 
time editorial assistant, and somewhat less than the 
half-time services of a typist. Moreover, the prepara- 
tion of dummy for the book—a mechanical matter, but 
an important one—in earlier days the responsibility of 
the printer’s shop, is now one of the duties of the edi- 
torial office. 


” 





In 1930, the JouRNAL had unlimited space at its dis- 
posal; at present it is restricted to fifty pages per issue. 
As a result its publication schedule is continually em- 
barrassingly behind its manuscript acceptance record. 

The net result is that correspondence directed to the 
discovery of readers’ needs and desires and to the 
solicitation of manuscripts to meet them has been cur- 
tailed to the vanishing point. If the editor could find 
time to carry it on, the typist couldn’t handleit. Andif 
by some superhuman effort this were done, there would 
be no space in which to publish the proceeds. Natu- 
rally, there is no longer any staff authorship. 

This means that the functions of the editorial office 
are perforce confined almost entirely to selection from 
the most original, most interesting, and most helpful 
material voluntarily offered, that portion which it 
seems possible to print within a reasonable length of 
time, and to its preparation for publication. In short, 
the editor means precisely what he says at the Division 
luncheons when he calls the JOURNAL a codperative 
enterprise. 

If the JouRNAL has of recent years shown a trend 
toward the interests of college rather than high-school 
teachers, that can only be because college teachers have 
proved to be better codperators. 

What applies to the JouRNAL also applies to the 
meetings of the Division of Chemical Education. 
High-school teachers can’t attend to hear high-school 
papers unless high-school teachers also attend to de- 
liver high-school papers. From time to time the Divi- 
sion has arranged symposia, such as those on the mod- 
ernization of the course in general chemistry, which it 
hoped might be of special interest to high-school 
teachers. A few high-school teachers didn’t like them 
—thought the college men were “dictating” to them 
again. 

As a matter of fact the Division has always welcomed 
the high-school teacher, and has tried to make him feel 
as much at home as he would let himself feel. Its roster 
of officers and its committees have always included a 
high-school representation large in proportion to its 
high-school membership and meeting attendance. The 
present Division chairman is a high-school man, and the 
most recently elected member of the Board of Publica- 
tion is a junior-college man. 

All this is extremely plain speaking, but it is not 
meant in any offensive spirit. The sad truth is that if 
high-school teachers want their professional literature 
handed to them on a silver platter they will have to find 
an angel to fill the platter. If they are willing to exer- 
cise the codperative effort that the college and the re- 
search men exercise, they can create a first-class profes- 
sional literature for themselves. 





CHANG PO-TUAN, 
CHINESE ALCHEMIST of the 
ELEVENTH CENTURY 


TENNEY L. DAVIS anp CHAO YUN-TS’UNG' 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


HE Wu Chén P’ien* (Essay on the Understanding 

of the Truth) of Chang Po-Tuan is one of the great 

classics of Chinese alchemy of the later or middle 
period. It has had wide influence, has been discussed 
by many commentators, and has been printed in many 
editions. Although its author lived nearly a thousand 
years ago, the Chinese District, County, and Provincial 
Records inform us of so many details of his interesting 
life that we know as much about him as we do about his 
Arab contemporary Avicenna, perhaps even more. 

The ninety-nine poems which make up the Wu Chén 
P’ien are masterpieces of Chinese literary craftsman- 
ship. All or certain ones of them, particularly those 
near the end of the Essay, were probably intended to be 
sung or chanted. Like the 7s’an T’ung Chi,’ the 
Wu Chén P’ien contains no practical chemistry. It 
deals with the theory of alchemy, maintains and ampli- 
fies the earlier doctrine, and describes the preparation 
of the Gold Medicine (Chin Tan) by the interaction or 
combination of the two prime contrary principles, Yin 
and Yang, Moon and Sun, Tiger and Dragon, identical 
with the Mercury and Sulfur of the Arab and European 
alchemists. It resembles the earlier work in making 
use of the Kua (magic figures) and symbolism of the 
Book of Change, and in using Taoist language, but dif- 
fers from it in showing the influence of Buddhism. It 
uses so many symbolic and metaphorical names for the 
two principles that it resembles certain of the later 
European treatises on alchemy, written by men who 
found more delight in the imagery than in the work of 
the laboratory. 

The great similarity between Chinese and European 
alchemical symbolism has already been pointed out,‘ 
and has been taken as evidence of the identity of Chi- 


1 Chinese personal names are given in the Chinese fashion, 
family name first. The family name in this case is Chao. 

2 Complete translation by CHao YUN-Ts’uNG with introduc- 
tion by TENNEY L. Davis, Proc. Am. Acad. Arts Sci., soon to be 
published. : 

3 Ts’an T’ung Ch’i, written by WEI Po-YAnc about a.pD., 142 
the earliest known treatise on alchemy; translation by Wu 
Lu-Cw’IANG with introduction by TENNEY L. Davis, Isis, 18, 
210-89 (1932). 

4 “Pictorial representations of alchemical theory,” Jsis, 28, 
73-86 (1938); ‘‘Count Michael Maier’s use of the symbolism of 
alchemy,’”’ J. Cuem. Epuc., 15, 408-10 (1938). 
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nese and European alchemical theory. The Wu Chén 
P’ien removes all doubts about the matter. Some of 
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CHANG Po-TUAN 


Picture reproduced from the Lieh Hsien Ch’iian Chuan. In 
his hand the jade flower (Hydrangea) which he brought 
back from the spirit-journey to Yang Chou. 


the names by which Chang Po-Tuan represents the two 
contrary principles are tabulated below. 
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Moon Sun 

Tiger 

Mercury 

Kua of Li (==) Kua of K’an (==) 

K’un (Earth) (==) Ch’ien (Heaven) (=) 

Pai Hstieh (White Snow), Ch’i Huang Ya (Yellow Sprout), 
(ethereal essence) of Tiger Ch’t of Dragon 

Ch’a Nu (Elegant Lady), the Chin Kung (Golden Fellow), 
beloved bride, the true mer- the aged husband, the true 
cury, mercury of Li, fluid of lead 
wood 

Quicksilver, Yin substance, Ch’i Yai Jui (Jade Bud), Yang sub- 
of Tiger stance, Ch’i of Dragon 

T’u (Rabbit); Shan (Toad) Wu (Crow) 

Shut (Water) Chin (Metal) 

Wood Gold 

Obedient Compassionate 

Internal External 

West East 

Host Guest 

Tortoise Snake; Phoenix 


The use of the term, lead, to represent the positive 
principle is especially interesting, for it is a usage which 
does not occur in European alchemy, and suggests the 
possibility of a relationship between Chinese alchemy 
and Alexandrian chemistry. The latter point is one 
which we wish to investigate more fully and to discuss 
at a later time. 

As illustrative of the contents of the Wu Chén P’ien, 
we quote Poems 1, 3, 6, 7, 10, 18, 19, 38, and 73. 


If one does not seek after the great Tao (Way) in order to re- 
lease himself from the wrong mode of life, he will finally lose the 
chance of possessing the talent—and is not to be regarded as a 
wise man. A hundred years of living is but a transient moment, 
the length of which resembles only a spark struck from a stone. 
The fate of life is like a bubble floating on water. Those who 
know nothing but income, emolument, fame and rank will soon 
see their faces turning pale and their bodies degenerating. I sup- 
pose that the gain of money is capable of filling the vallies; how- 
ever this non-permanent possession cannot purchase the things 
which do not come back..... 

If you are learning to be a Hsien (Immortal), you should learn 
to be a heavenly Hsien. The most accurate means (for the pur- 
pose) is Chin Tan (Gold Medicine). The two things, when put 
into contact with each other, will indicate harmonious properties. 
The Tiger and the Dragon locate at the places where the Wu 
Hsing (Five Elements) are perfected. I desire to send Wu Sst 
as a matchmaker to make them husband and wife and to bring 
them into a union from which real happiness will arise. Wait 
for the success of the compounding, and you will return to see the 
north gate of the Imperial palace. You will be able to ride ona 
phoenix’s back, and to fly high into the clouds and the light of 
the sky. .... 

Everyone has a chance of getting the medicine of long life, but 
unfortunately most people are unintelligent and allow the medi- 
cine to be wasted. Kan Lu (Sweet Dew) is produced by the 
combination of Heaven and Earth, and Huang Ya (Yellow 
Sprout) is formed by the interlocking of K’an and Li. Frogs, 
living in a well, can never see the abode of dragons high in the 
sky; orioles, flying so low, know nothing about the nests of 
phoenixes; (and people who are shortsighted will never see the 
medicines). Tan when ripened will give a man plenty of gold. 
One need not then pay too much attention to such matters as the 
cutting of wood or the burning of grass (for the cooking of food). 

One must know the sources of the native medicines. The di- 
rection for seeking them is in the southwest of your town. Lead 
will form at the hour of Kuei Shéng (belong-to-growth), and it 
should be collected as soon as it has just appeared. Gold at the 
hour of Wang Yiian (after-the-full-moon) (long exposed) becomes 
worthless and cannot be tasted at all. (When you have procured 
the right lead), put it into an earthen crucible, close the latter 
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tightly and then add to it the proper proportion of Liu Chu 
(flowing pearl) (mercury?). (In case) the whole contents 
weighs one catty, then each component should be one half of a 
catty. The fire and the season are regulated according to the 
principle of Yin and Yang. .... 

If you wish to search intensively for the true lead, do not let 
your time pass easily by. Capture the red mercury with the 
soul of the earth; then there will appear naturally the soul of 
heaven for controlling the Shui Chin (Watery Gold). It is known 
that the Tiger and the Dragon will surrender to the highly learned 
Tao. One can say that devils and spirits can be made to venerate 
you because of your glorious virtue. After you know that your 
life is as long as heaven and earth, then nothing of sorrow will 
come into your mind. .... 

It is advised first that Ch’ten (Heaven) and K’un (Earth) be 
procured as the Ting (furnace, tripod) and pot, and second that 
Wu (Crow) and T’u (Rabbit) be put into them and treated in the 
same manner as in cooking. When you drive the two things into 
the Huang Tao (Yellow Way), there is no reason why the Chin 
Tan will not form. 

The arrangement of the Ting and the pot follows the method 
(or the will) of Ch’ien and K’un. The compounding of the es- 
sences is capable of controlling the spirits. Changes occur 
through the gathering and scattering of the generative fluids of 
Heaven and Earth. I dare to say that this wonderful mystery 
is indispensable. .... 

The red Dragon and the black Tiger are situated one in the 
east and the other in the west. The four signs interlock each 
other at the position of Wu Ssu. If, from this time onward, one 
can make use of the advantages of the Kua of Fu (return) ( Yang 
begins to grow) and the Kua of Kuo (meet) ( Yin begins to grow), 
who then says that Chin Tan will fail to form? .... 

The learning of the great medicine is sometimes easy and some- 
times difficult. It depends partly on us and partly on the will of 
heaven. If one does not perform good works and spread virtue 
in the Yin district, his work will be handicapped frequently by 
groups of devils. 


We have worked with two editions of the Wu Chén 
P’ien. In the earlier Ming edition, printed about 1443, 
the text is accompanied by the commentaries of Tai 
Ch’i Tsung and Wéng Pao-Kuang; in the later Ch’ing 
edition, printed in 1751, by the commentaries of 
Hsieh Tao-Kuang, Tz% Yeh, and Shang-Yang-Tzu, and 
by two author’s prefaces, the first of which is identical 
with the preface of the Ming edition. The second and 
more interesting of the prefaces ends on a note which is 
already familiar to those who are accustomed to the 
style of European alchemical writings. 


The Wu Chén P’ien sings of the great Tan and the medicine, 
and describes the details of the fire and the season. Nothing is 
omitted. Those who love the art and have in their bones the 
qualities of Hsien (Immortals) will read it and will themselves 
find it intelligible. They will find the meaning in the writing if 
they examine it critically. This will be as good as oral instruc- 
tion from Po-Tuan. Moreover, this book is a gift from heaven 
and is not alone the private instruction of Po-Tuan. .... 

Anyone who has a keen mind and who reads this Essay will 
know that Po-Tuan has acquired the highest degree (rank) from 
the sixth in line from Ta Mo (a Buddha) and has been able to 
understand thousands of Fa (methods, Buddhist practices) from 
hearing a single sentence. If the reader still retains the mental 
attitude of a common person and has only mediocre knowledge, 
that is not the fault of Po-Tuan. 

The date is in the year Wu Wu (a.p. 1078) of the reign of 
Yiian Féng (a.p. 1078-1086), the second month of summer, the 
day of Wu Yin. Written by Chang Po-Tuan P’ing Shu. 


In addition to the Wu Chén P’ien we have at hand 
two other works which are ascribed to Chang Po-Tuan, 
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namely, Yu Ch’ing Chin Ssu Ch’ing Hua Pi Wén Chin 
Pao Nei Lien Tan Chiieh (The Secret of Compounding 
Internal Jan from the Secret Papers in the Golden 
Clear Jade Box of Ch’ing Hua) and Chin Tan Ssi Pai 
Tzi (Four Hundred Word Chin Tan). We expect to 
study these and to discuss them at a later time. 

The Lieh Hsien Ch’tian Chuan (Complete Biographies 
of the Immortals), which is a secondary work, contains 
a biography of Chang Po-Tuan, all of it in language 
which is identical with that of parts of one or another 
of the General Records of Ché Chiang Province, Shan 
Hsi Province or Shensi Province, or the Record of the 
District of T’ai Chou—from which primary sources the 
biography appears to be compounded. The primary 
sources, however, differ among themselves, one con- 
taining an anecdote which does not appear in another, 
one reporting briefly what another recounts at length; 
and they contain additional material which is not in- 
cluded in the biography of the Lieh Hsien Ch’tian Chuan. 
We are grateful to Dr. Hsu Chia-Lin, Librarian of the 
Harvard Yenching Institute, for his kind assistance in 
helping us to find the material in these records. Chang 
Po-Tuan’s own preface to the Wu Chén P’ien also con- 
tains some autobiographical matter. The following 
account is based upon ali of the above-mentioned pri- 
mary sources. 

Chang Po-Tuan was born in 983 at 7°1en T’aa® in 
Ché Chiang Province. When he was a young boy he 
loved tostudy. When he was mature he was taught the 
Tao of Hun Yuan (Mixed Elements) but did not yet 
understand it thoroughly. He sought for it very dili- 
gently, and made journeys in all directions. In the 
reign of Ying Tsung (1064-1068) (Sung dynasty) he 
followed Lung T’u Lu Kung to live at Kuei Lin in 
Kuang Hsi Province. In the second year of the reign 
of Hsi Ning (1068-1078), he travelled into Ss% Ch’'uan, 
visited Ch’éng Tu, and met a man named Liu Hai 
Ch’an by whom he was instructed in the secrets of the 
fire and the season for compounding Chin I Huan Tan 
(Gold Fluid Returned Medicine). He then changed 
his name to P’ing Shu (Peaceful Younger) and as- 
sumed the title of Tz% Yang (Purple Yang). At later 
times he wandered to Ch’in Lung and also visited Ho 
Tung in the southeastern part of Shan Hsi Province. 
At I Ch’éng in Ho Tung there is a temple of 7zi% Yang 
at the place where, it is reported, he learned his Tao. 

Chang Po-Tuan was for a time magistrate or admin- 
istrative officer of the District of Lin Hai. He liked 
to eat fish. When he was employed in his office, his 
food was sent to him from his home. His colleagues 





5 T’ten T’ai is the name both of the city and of the District. 
Northeast of the city is the famous 7’ten T’ai Mountain, and 
about thirty kilometers south of it is the county city of Lin Haz, 
the old name of which was 7’ai Chou, the county city of the dis- 
trict of T’ai Chou, of which district T’ten T’ai was once a part. 
It is therefore correct, as we have found it stated, that Chang Po- 
Tuan was born at T’ai Chou. 

§ Hsieh Tao-Kuang says, ‘‘There was something formed by 
mixing before the heaven and the earth. This thing has been 
on into words constrainedly and is known as the 7ao of Hun 

tian.”’ 





one day hid his fish in the upper part of the room. 
P’ing Shu suspected that it had been stolen by the 


maid, and went back to beat her. The maid, terrified, 
killed herself. Later, a worm dropped down from the 
rafters. P’ing Shu examined it, and found that it had 
come from decayed fish. He then regretted the mat- 
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To indicate the scale, the straight line distance between Ch’éng 
Tu and Yang Chow (to which place Chang Po-Tuan made a 
spirit-journey) is about 1500 kilometers. 











ter deeply, and said, “‘My documents concerning law 
cases have filled all of the boxes; yet I do not know 
how many of these cases may be like that of the stolen 
fish.’’ He wrote a poem, as follows, and burned up 
all of his law papers. 


I have written on my law papers for many decades. The cases 
in which right seems wrong and wrong seems right have been 
thousands of thousands. Moreover, when one family keeps warm 
and has enough to eat, there must be hundreds of families which 
are left in want. Half a life of high rank makes enmity for 
generations. From now on, the golden seal tied with purple 
ribbon is finished (for me). I must again wear my straw slippers 
and use my bamboo stick—and let my life pass happily. If any- 
one chooses to ask me the way to P’éng Lai’ I shall reply to him 
that it is the clouds on the blue mountains and the moon in the 
sky. 





7 One of the three supernatural islands of the Eastern Sea 
‘‘where the immortals dwell and the drug is found which prevents 
death.”” Cf. TENNEY L. Davis AND ROKURO NAKASEKO, 
“The Tomb of Jofuku or Joshi, the earliest alchemist of historical 
record,”’ Ambix, 1, 109-15 (1937). 
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He was found guilty of burning the documents and 
was exiled. 

An extra note in the Records of the District of T’ai 
Chou refers quaintly to the beating of the maid. “It is 
stated in the County Record of Lin Hai that Po-Tuan 
encountered an incident. Because of her eating fish, 
he made a mistake on his maid, and the maid died of it. 
He was found guilty and went to Hsien at Pai Pu Ch’t 
(Hundred Steps Spring).’”’ The statement that ‘‘he was 
found guilty and went to Hsien” suggests that he was 
executed for killing the maid, but there is other infor- 
mation concerning the circumstances of his death, and 
the historian adds—‘‘This account does not agree with 
that recorded in the Record of the City of Ch’th Ch’éng 
and is not found in the Local Extra Record. I suspect 
that this story is not the actual fact but was so re- 
corded merely on the rumors of the local vulgarians, and 
for that reason I do not dare to copy it here.” 

In exile Chang Po-Tuan is said to have met a man 
who was addicted to the eating of salt, and often ate 
ten catties at one time. He served this man faith- 
fully. When they separated, the man said to him, 
“‘Whenever you meet misfortune, shout three times, 
“My teacher!,’ ‘My teacher!,’ ‘My teacher!’; then your 
misfortunes will disappear.”’ 

At a later time when Chang Po-Tuan had acquired a 
reputation as a teacher of Tao and Chin Tan, and was 
surrounded with disciples, he met a Buddhist monk who 
became his sympathetic friend. The monk, Ting Hui, 
had been trained in the deepest doctrines of Buddhism. 
He was able to behave like a deity and to travel back 
and forth over a few hundred miles of distance in a few 
minutes of time. 

One day Tzi Yang said to the monk, “Buddhist 
Teacher, can you take a journey with me to a far dis- 
tance today?” .The monk replied, “Yes.” Tzi Yang 
said, ‘“Where do you wish to go?”” The monk replied, 
“T should like to go to Yang Chou® where we may enjoy 
the jade flowers.”® 72 Yang and the monk then went 
into a quiet room and sat down face to face with their 
eyes closed. After sitting Buddha-wise for a while, 
Tzt Yang arrived at Yang Chou—but the monk. was 
there ahead of him. They walked around the flowers 
three times. Jz@ Yang said, ‘Let us take a flower for 
a memento.” Then each of them took a flower, and 
came back. After a while 72@ Yang and the Buddhist 
Teacher yawned and then awoke. Tz Yang said, 
“Buddhist Teacher, where is your jade flower?” The 
Buddhist Teacher looked in his sleeve, and the sleeve 

wasempty. However Tz# Yang took out his own jade 
flower from his sleeve, and enjoyed the flower with the 
monk. 

Tzt Yang's disciples then asked him, “The Buddhist 
Teacher and our teacher went together on a spirit- 
journey. Why this difference that one has a flower 
and the other has not?” Tz Yang replied: “When I 
learned my Chin Tan Great Tao, I trained both in 





8 Yang Chou in Kiang Su Province. 
®° A kind of Hortensia (Hydrangea) which were said to confer 
immortality if eaten. 
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There- 


Hsing (Nature of Man) and in Ming (Life). 
fore, when (the Tao is) gathered, it takes material form, 
and, when dispersed, it takes the form of Ch’i (ethereal 


essence). Wherever I arrive, since I am a genuine 
spirit, I take a visible material form. This is known 
as the spirit of Yang. The monk’s training sought to 
attain the effect quickly. He did not learn the Ming. 
Therefore, wherever he goes, men cannot see his ma- 
terial form or his shadow. This is known as the spirit 
of Yin. The Yin spirit cannot move material things.” 

In the Preface of the Wu Chén P’ien, the author says: 


Po-Tuan visited Ch’éng Tu and met a teacher by whom he was 
taught the method of compounding Tan. In the same year the 
teacher hada breakdown. Afterwards, he (Po-Tuan) three times 
gave instruction to people, and three times he suffered misfor- 
tune—all within twenty days. Thereupon he remembered his 
teacher’s warning that whoever should loosen his bridle and 
lock was to be given instruction; to others it was not permissible 
to give it. Afterwards, he (Po-Tuan) wished to write commen- 
taries on famous books, but he feared that the followers of Tao 
would not believe him. Consequently, he wrote this Wu Chén 
Pten, describing Tan medicine from beginning to end. After 
he had finished this book, disciples rapidly gathered about him. 
He recognized their earnestness, and permitted no concealment 
of the secret. Accordingly, he selected his subject and instructed 
them in it. However, the disciples whom he was teaching were 
not persons of great social rank or of influence by which they 
could save one from danger or from sinking to the bottom, nor 
were they successful in life, nor able to practice benevolence or 
understand Tao. 

Formerly he (Po-Tuan) suffered again and again from misfor- 
tune, but did not recognize it until the third time. He then 
regretted his earlier errors. He knew that the secret of the great 
Tan is the simplest and easiest, even though stupid common 
people were able to acquire it and to practice it, and by means of 
it were able to penetrate to the place of the sages. Therefore, the 
will of heaven loved the secret and did not permit it to be taught 
to those who were not the right ones. However, Po-Tuan did 
not heed the words of the teacher and repeatedly disclosed the 
secret. Having his material body, he frequently encountered 
calamities for that reason. This was a severe punishment from 
heaven which arrived promptly. He said, ‘Should I not be 
afraid and control myself? From this time onward, I must keep 
my mouth closed and my tongue motionless, even though a 
Ting and a kettle (punishment with hot oil) are before me, or a 
sword is upon my neck. I shall not dare to blab again.” 


Chang Po-Tuan later visited Ma Mo Ch’u Hou of Fu 
Féng in Ho Tung and gave him his writing, the Wu 
Chén P’ien, saying, ‘The learning of my whole life is 
here. I hope that you will be able to circulate the book. 
Someone will make use of it, and understand its mean- 
ing.” 

There’ are two accounts of the death of Chang Po- 
Tuan. Though they are different, they are not con- 
tradictory, and both of them may be true. According 
to one, he visited the spring, Pat Pu Ch’i (Hundred 
Steps Spring) on the mountain, Pai Pu Ling; the 
weather was hot; he washed himself—and went away 
to Hsien. (It seems natural enough that a man ninety- 
nine years old, after climbing a mountain and bathing 
in a cold mountain spring, should thereupon join the 
spirits.) A temple of Tz@ Yang Chén Jén was built 
on Pai Pu Ling, a sign at the gate saying that it was 
“The place where 72@ Yang became a Hsien.”” Accord- 
ing to the other account—in the summertime of the 
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fifth year of the reign of Yuan Féng (1078-1086), 
Chang Po-Tuan sat himself down Buddha-wise, and 
died at the age of ninety-nine years. His disciples 
burned the body, and obtained thousands of Shé Li 
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(relics). The larger ones were as large as water-chest- 
nuts, and had a jade-green color. People who knew 
these things said, ‘These are the Shé Li which are 
called as beautiful as gold.” 





UNLEARNING’ 


ARTHUR A. BLANCHARD 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


HIS uncouth title suggests only in a negative way 

the thesis that truth is always truth, that simple 

statements of the more limited aspects of truth are 
best at first as a foundation for more comprehensive 
statements which may come later, and that no state- 
ment or formulation ever has been or ever will be com- 
prehensive enough to embrace the entire truth. 

The title, ‘‘Unlearning,” does describe the bug-a-boo 
which probably disturbs all teachers of elementary 
science, if only for the reason that they resent the in- 
justice of the accusation which will surely be leveled at 
them if they teach properly, namely, that they teach 
things which will have to be unlearned. This bug-a-boo 
actually frightens some teachers to the extent that 
they weaken in their conviction that truth always re- 
mains truth. As an example, we recall the extract 
from a letter of a teacher crying for help which was read 
at our December meeting. This teacher did not un- 
derstand the Brgnsted formulation of acids and bases 
and was, therefore, avoiding the subject of neutraliza- 
tion from fear of teaching something which would have 
to be unlearned. 

Science never has and never will tell the whole truth 
with exact precision. The progress of science has de- 
pended on the courage of those who would tell the truth 
with that degree of precision of which they were at the 
time capable. Such statements of truth never have to 
be retracted. Additional truths may be added when 
greater precision is achieved, and in the light of the ad- 
ditional truths, new and sometimes better ways of stat- 
ing the simpler truths may be developed. But never 
does any statement of truth have to be “unlearned.” 
The chances are that it is unwise to depart from the 





* Presented before the meeting of the New England Associa- 
tion of Chemistry Teachers at Boston University, Boston, Massa- 
chusetts, June 4, 1938. 





simple original statement in making the first presenta- 
tion of this truth. The improved statement probably 
will contain terms obscure to the student until he has 
acquired more experience. 

The doctor of philosophy, fresh from his advanced 
studies, essays to teach elementary science. He does 
not stop to analyze the processes by which his own ap- 
preciation of science has developed. He wants to find a 
short cut for his students, so he sets up arbitrary and to 
his students, possibly even to himself, unreal pictures by 
which he would have his students understand nature: 
electrons, protons, neutrons, donors, acceptors, oxo- 
nium ions, quantum conditions, wave equations with a 
medium which may not be given a name. These pic- 
tures allow of beautiful expressions of partial truths 
which, we may be confident, will some day lead to more 
perfect expressions of truth, but this is all horrible 
trash to present to a young student who is trying to pre- 
pare for himself a careful foundation for a logical struc- 
ture of scientific knowledge. 

After all, the historical development of science was 
pretty logical. Primitive men were bewildered by the 
complexities of nature. They invented good and evil 
spirits, more capricious than humans, to control natural 
occurrences. That natural occurrences depend on the 
control of good and evil spirits is a statement of truth 
within the comprehension of the primitive mind. And 
it is also truth to the scientist of today. Those who like 
to talk about unlearning simply would never recognize 
the name by which the good and evil spirits are known 
to modern science. Probably the first dawning of what 
we could recognize as a scientific method of thought 
came with the realization that the same effects always 
ensue from the same initial conditions. The law of the 
constancy of natural phenomena was observed in day 
and night, the seasons, the tides, gravitation, but the 
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constancy of chemical phenomena could not be ap- 
preciated until the conception of pure substances gave 
a basis for establishing fixed initial conditions. 

For a cultural course in chemistry, for pupils who 
will not go beyond the single course, we very properly 
aspire to teach the chemistry of every-day life. But the 
substances encountered in every-day life are, for the 
most part, indeterminate mixtures, not pure substances, 
and the results are correspondingly capricious. We 
must, of necessity, use carefully selected pure substances 
to show the constancy of chemical behavior, and we 
should not be stampeded into trying to teach the 
chemistry of cement, digestion, fermentation, inks, 
dyes, mordants, adhesives, gels, before we have laid a 
logical foundation. 

The ability to recognize pure substances and the 
constancy of the behavior of such substances, together 
with the use of the balance, led to the establishment of 
the laws of definite and multiple proportions and to the 
atomic theory. The logic of the atomic theory was dif- 
ficult enough to grasp at the time of Dalton. It 
probably is not much easier for our students to grasp 
today. Chemists were content to enjoy the glow of 
satisfaction of such a fundamental theory for a hun- 
dred years, until greater precision in atomic weight 
determinations and the discovery of radioactive disin- 
tegration and kindred phenomena led to the conception 
of isotopes. 

Where is the logic of the atomic theory in relation 
to the law of definite proportions, if the students are 
given neutrons and protons—it was protons and elec- 
trons a few months ago, and a few months hence it may 
be still something else—and expected to construct 
seven different isotopes of an element. With the be- 
wilderment of these pictures of unreality, how will stu- 
dents grasp the logic of definite proportions? Why not 
accord them the glow of satisfaction of appreciating the 
classical atomic theory for a little while, and let them 
consolidate this with some thoroughness to a solid 
foundation on which later, if it is desirable, to build the 
structure of isotopes. After all, the classical atomic 
theory has not only served chemists well for a century, 
but it will continue to serve as long as there are men to 
understand chemistry. 

The constancy of the behavior of gases led to the 
generalizations expressed in the gas laws which were 
stated in terms of an ideal gas, the behavior of any in- 
dividual gas being only an approximation of this be- 
havior. From these laws arose Avogadro’s hypothesis. 
Had Avogadro and Cannizarro been so absorbed with 
the irregularities exhibited by actual gases that they 
could not focus their attention upon the uniformity 
of all gases in approximating the ideal behavior, the 
progress of chemistry would have been delayed. 

Is it not better to try to help our students to com- 
prehend the logic of 22.4 liters under standard condi- 
tions than to force at once the use of the general 
formula, pv = NRT, for a wide range of temperatures 
and pressures or, still worse, the Van der Waals equa- 

tion or some other more precise equation of state to 
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carry the gas through high compression and into the 
liquid state? 

Important truths are discovered from the study of 
the deviations from the laws of the perfect gas. Regu- 
larities are found in these deviations; but how can 
any comprehension be gained of the significance of the 
regularity of these deviations until the logic of the pri- 
mary regularity itself is developed. The logic of the 
ideal gas will never have to be unlearned. It will con- 
tinue to be one of the corner stones of chemistry just as 
long as chemistry is a science. 

The Einstein relativistic mechanics is an attempt 
to express the truth more exactly than is done by the 
mechanics of Newton, but it is apparent that the Ein- 
stein mechanics has not reached the goal of the complete 
expression of the truth. We may be very sure that the 
laws of Newton will still be in use even after the pres- 
ent formulation of relativity has been supplanted. 
Fortunately, no enthusiasts have yet urged the teach- 
ing of relativity as the first step in laying the frame- 
work of elementary chemistry. 

The above remarks have been in part inspired by in- 
spection of many of the recent textbooks of college chem- 
istry (7. e., general first-year college chemistry), also, 
still more sad to say, of many textbooks of more ele- 
mentary intent (2. e., high-school chemistry). 

The inhabitants of Tibet have a naive belief that 
credits are stored up for their future existence in propor- 
tion to the number of prayers said during this existence. 
That the number of prayers may be increased, they em- 
ploy prayer wheels—merely turning a handle saves 
them even the necessity of articulation. It isa question 
if they give thought to the meaning of the prayers 
printed on the wheel. 

The modern textbook must be “up-to-date.”” The 
jargon of even the craziest flights of imagination 
brought forth up to the month of publication must be 
used. If the author himself tries to exercise some dis- 
cretion, the publisher will see to it that no ‘‘modern’”’ 
development is omitted. At that, the author may feel 
fairly safe. There is no possibility of a logical presenta- 
tion of the meaning of this modern jargon. Where 
there really is a meaning, it would require a separate 
volume to develop a foundation for its understanding. 

All that is demanded is the words. The teacher using 


the book wants the authority of the printed word of the . 


text. Few will have the confidence to risk the ap- 
pearance of ignorance by challenging this authority. 
There is far too much of the prayer wheel method em- 
ployed in teaching chemistry today, too many impres- 
sive sounding words, too little clear understanding. 
Isolated facts are of little value in making up a sci- 
ence. Such facts become of value when they are cor- 
related with other facts and generalizations are made. 
Such generalizations often employ mechanisms which 
exist only in the brain and are beyond the powers of 
actual observation. In our statements of generaliza- 
tions, the closer we adhere to the language of actual 
experimental observation, the more chance there is that 
we will speak in terms intelligible to our students. 
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In the study of neutralization, the sharp endpoint— 
the abrupt color change with a single drop of the acid 
or the alkali—is the outstanding phenomenon, and 
to this we should first direct the efforts of our intelli- 
gence. If we refuse to do this on the ground that we 
shall soon come to cases where the color change is 
gradual and there is no definite endpoint, and that any 
conclusions made from the sharp endpoint would have 
to be unlearned, our progress in science can only be 
arbitrary and artificial, not logical and natural. 

The enthusiasts for the Brgnsted formulation, of 
course, feel that with one magnificent conception they 
have embraced all degrees of neutralization, equilibrium, 
and hydrolysis. They fail to realize that their own 
ability to appreciate this broad formulation is due to the 
background of their own slow progress in logical de- 
velopment, which was based first on an appreciation 
of the significance of the sharp neutralization of the 
strong acid and strong base. All acids must have some 
common component to account for the common 
properties. This component they may have named 
hydrogen ion, or perhaps, merely hydrogen in the acid 
state, and the common component of bases they may 
have named hydroxyl ion, or merely hydroxyl. But 
whether acid hydrogen or hydrogen ion, their early 
conception was truth, which they should not delude 
themselves that they have unlearned. 

It is not our purpose here to belittle the usefulness of 
the Brgnsted formulation. We do not believe its 
place is in presenting the first systematization of acids 
and bases to beginners in science. But it does furnish 
a most useful and comprehensive tool for the thinking 
processes of the research worker in chemistry. Not 
only does the Brgnsted formulation cover the whole 
range of neutralization and hydrolysis in water solu- 
tion, but it applies equally well in non-aqueous sol- 
vents such as anhydrous liquid ammonia and anhy- 
drous acetic acid. 

However, those who cry “unlearning” should never 
tolerate the Brdénsted formulation, for there are sol- 
vents like anhydrous liquid sulfur dioxide and phos- 
gene (COCI,) in which the phenomeneon of acids and 
bases and neutralization is very pronounced but in 
which this phenomenon cannot be described in terms 
of the Brgnsted formulation. 

Gilbert N. Lewis, the recent recipient of the Theodore 
William Richards medal, spoke on acids and bases. He 
classified boron trifluoride as an acid and as an extreme 
case he classified argon as a base. The combining of 
these two to a compound he regarded as a case of neu- 
tralization. He paid high tribute to Brgnsted for the 
use of the proton in formulating neutralization. He 
also paid tribute to Sidgwick for the conception of 
donors and acceptors (of electrons, not of protons) in 
formulating neutralization. He left the matter hang- 
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ing, that neutralization is an unmistakable phenome- 
non of nature, but he offered no formulation compre- 
hensive enough to cover the whole range of neutrali- 
zation. 

With rigid enough drill, pupils can be made to memo- 
rize and repeat any formula including even the Br¢n- 
sted formula. It is probable, however, that compul- 
sory memorization of the Brénsted formulation would 
retard the logical appreciation of neutralization. 

Latin has always been considered an excellent vehicle 
for mental training. Children, however, are not 
taught Latin before they learn to speak their own 
tongue. A later study of Latin helps them to appreci- 
ate the beauties of the construction of their own lan- 
guage, and translating back and forth from one lan- 
guage to another is excellent intellectual training. 

Likewise, one can learn naturally the, shall we call it, 
“classical” formulation of neutralization. This never 
has to be “unlearned.” Translating it afterward into 
the Brgnsted formulation, if thoughtfully done, adds 
to one’s appreciation of the nature of the phenomenon. 
It may be well to suggest that one should not leave the 
matter finally translated into the Brgnsted formulation, 
but that translation back again into the classical 
formulation may add still more to one’s appreciation of 
the phenomenon. 

The. most successful teaching is that which teaches 
the least, but enthuses the student to think the most. 
The mature teacher who has recently learned some very 
clever method of presenting a generalization is natu- 
rally enthusiastic for this method, but he ought to re- 
strain his impulse to pass this method on to his stu- 
dents until he has deliberated whether the language, 
which is so clear to him, does not contain terms mean- 
ingless to the students. The probability is that some of 
the terms have a meaning only in the light of more 
elementary generalizations, which the teacher has for- 
gotten caused him sufficient mental strain to compre- 
hend. 

The student will be doing no thinking if he accepts 
the words of the more comprehensive generalization 
when these words involve conceptions he does not com- 
prehend. 

In concluding, may I repeat the three items of the 
thesis I have been trying to defend. 

1. Truth is truth. The word unlearning suggests 
no ideas which any teacher should tolerate. 

2. The truth should be courageously presented, but 
only in simple terms and over a limited range within 
the grasp of the student. 

3. The teacher should always remind himself that 
no statement of truth is ever comprehensive enough to 
cover the entire range, but that truth over a limited 
range lays a solid foundation for truth covering a 
wider range. 








A STUDY of EQUATIONS of STATE 


GEORGE WOOLSEY 


Valencia High School, Placentia, California 


HE study of the changes of volume of liquids and 
T gases with changes of pressure and temperature 

has been the subject of experimental and theoreti- 
cal investigation for many years. As the technic for 
work with higher pressures and with lower and higher 
temperatures has improved, the range of experimental 
determinations has increased tremendously. With 
this increased experimental range, the labor of com- 
pletely covering the entire experimentally possible 
field for all liquids and gases has become prohibitive. 
Consequently, the use of equations of state for the 
purpose of interpolation and, in some cases, for extra- 
polation from experimentally known values becomes 
increasingly important. And, as the number of known 
fluids becomes greater it becomes increasingly desir- 
able, if possible, to devise equations which are applicable 
to all normally acting substances. 

That this subject of pressure-volume-temperature 
relationships is of considerable importance is shown 
by its many theoretical and practical applications. 
Many thermodynamic investigations depend upon a 
knowledge of change of specific heats with changes of 
pressure or temperature, and this knowledge in turn 
depends upon accurate values of coefficients of expan- 
sion. Designers and operators of distillation and com- 
pressor equipment, refrigeration engineers, and, in fact, 
everyone concerned with the properties of liquids and 
gases over wide ranges of pressure and temperature 
have need for as much exact and definite information 
on this subject as can be obtained. Precise molecular 
weight determinations from vapor density measure- 
ments can be made only in case that the deviation of 
the gas measured from perfect gas conditions is known. 

It is not planned in this paper to study all of the 
equations of state which have been proposed. Such a 
procedure would hardly serve a useful purpose. For 
those interested, Partington and Shilling in their 
“Specific Heats of Gases” list fifty-six equations of 
state published prior to 1924 and give references to 
them. A few of the more recent ones will be men- 
tioned later in this paper. Only those which show a 
marked advance in viewpoint are to be considered here. 
Those equations which are studied critically will, in 
many cases, be studied from a modern viewpoint im- 
possible at the times they were proposed. This is, of 
course, no reflection upon their value at the time, but 
it is the only course possible in evaluating their present- 
day usefulness. 


HISTORICAL (1) 


Robert Boyle (1627-91) published in 1660 a paper on 
“New Experiments Physico-Mechanical touching the 


60 


spring of air and its effects.” While answering Fran- 
ciscus Linus, a critic of this paper, he first (1662) enun- 
ciated the law that the volume of a gas varies inversely 
as the pressure (temperature remaining constant). 
In continental Europe this law is usually attributed to 
E. Mariotte who did not publish it until 1676. 

The next general law for gases was not discovered 
until one hundred twenty-five years later. In 1787 
Charles and in 1802 Gay-Lussac showed that the tem- 
perature rate of change of the pressure-volume prod- 
uct is the same for all gases whose molecular complexity 
does not change with the temperature. This law 
leads directly to two other concepts of great importance. 
In 1811 Avogadro made the hypothesis that equal 
volumes of all gases at the same temperature and pres- 
sure contain the same number of molecules. In addi- 
tion, the idea of an absolute scale of temperature was 
evolved from the law of Charles and Gay-Lussac. 
Since the pressure-volume product decreases linearly 
with decreasing temperature it is evident that if this 
linear decrease continues without change a temperature 
(about —273°C) will be reached at which the pressure- 
volume product will be equal to zero. This tem- 
perature is called the absolute zero. 

Though it has long been known that liquids evaporate 
or boil with the formation of vapor, it was thought for 
a long time that there must be a fundamental difference 
between these “‘vapors” and the permanent gases. 
Lavoisier was the first to express the opinion that the 
so-called permanent gases might be liquified. He 
thought that if the earth were cooled to the temperature 


of outer space at least a part of the atmosphere would — 


liquify. His associates, Monge and Clouet, were the 
first to succeed in this direction experimentally by 
liquifying sulfur dioxide. About the same time (1790) 
van Marum and Paets van Troostwyk, compressing 
ammonia to see if it obeyed Boyle’s law, found that at a 
certain pressure the volume decreased rapidly and 
drops of liquid appeared. In 1799 Guyton de Morveau 
liquified ammonia by cooling and in 1805 Northmore 
appears to have liquified chlorine. In 1823 Davy and 
Faraday liquified chlorine. In 1834 Thelorier de- 
veloped a method for the manufacture of soda water and 
applied it to the condensation of carbon dioxide in large 
quantity. 

The next notable advance concerning the relation 
between liquids and gases was in the development of 
the idea of the critical point. In 1822 Cagniard de la 
Tour observed that if a sealed tube about two thirds 
full of liquid alcohol and one third full of the vapor were 
gradually heated the meniscus between the two phases 
became flatter and less distinct and finally disappeared. 
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The temperature and the pressure at which this occurs 
are now called the critical temperature and the critical 
pressure, and the density, at this point the same for 
both the liquid and the vapor, is called the critical 


density. It is evident, therefore, that at the critical 
point there is no difference between the liquid and the 
gas. At temperatures higher than the critical tem- 
perature no amount of pressure exerted on a gas can 
cause condensation to a liquid. This phenomenon has 
been found common to all substances, but of course, 
it occurs at different temperatures, pressures and den- 
sities for different substances. 

The work of Cagniard de la Tour was lost sight of 
and was not generally known until Andrews repeated 
the experiment. Andrews’ discovery of the critical 
temperature was first made public in the 1863 edition 
of Miller’s ‘Chemical Physics’ and in 1869 it formed 
the subject of his Bakerian lecture of the Royal Society, 
“On the continuity of the gaseous and liquid states of 
matter.” 

The fact that gases can be condensed to liquid re- 
quires that the picture of gases as given by the perfect 
gas law be modified considerably. The formation of 
liquids can be accounted for only upon the assumption 
that attractive forces exist between the molecules, 
and moreover, since the volume does not go to zero, the 
volume occupied by the molecules themselves must be 
appreciable. 

Correction for the volume occupied by the molecules 
was first made by Clausius (2) in connection with mean 
free path studies. He deduced the equation p(v — b) = 
Rt for one mole of gas where 0 is four times the volume 
of the molecules themselves. 

In 1854 Rankine (3) 


a ; 
(» +f a = Rt to allow for the attractive forces between 


suggested the equation 


the molecules. The quantity, a, is a constant and the 


a , 
term i? represents the decrease in pressure due to 


the attraction of molecules near the surface upon mole- 
cules about to strike the wall of the containing vessel. 
The greatest advance in the subject of equations of 
state was made by van der Waals (4) in 1873 when he 
took account of both of the effects just discussed and 


proposed his celebrated equation (e + “) (v — 6) = 


Rt. This equation represents quite accurately the con- 
ditions at the critical point and represents qualitatively 
the behavior of fluids at other points. It has been, in 
fact, the starting point for most of the subsequent work 
on equations of state. 

Discussion of equations which have been developed 
since that of van der Waals will be made in later sec- 
tions of this paper, where they will be discussed criti- 
cally as they are given. Before continuing the critical 
study of equations of state for real gases it is desirable 
to give the development of the concepts of perfect and 
of ideal gases, and also to point out some of the prop- 
erties of real gases. 
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LAWS OF PERFECT AND OF IDEAL GASES 


The laws of Boyle and of Charles and Gay-Lussac 
are well expressed by the equation of state for a perfect 
gas. 

pu = NRt 


where p = pressure of the gas 
v = volume of the gas 
N = number of gram molecular weights (moles) of the gas 
R = universal gas constant 
t .= temperature of the gas on the absolute scale 
(°C. + 273.16) 


The picture of a gas which obeys this law is that of 
perfectly elastic spheres of negligible volume compared 
to the total volume occupied by the gas and exerting 
no appreciable forces of attraction or repulsion upon 
each other. 

Such a gas, as has been indicated, is called a perfect 
gas. These molecules must be colliding with each other 
and with the walls of the containing vessel, thereby 
producing a pressure, 


a MNu? 


p= (6) 





where M = the molecular weight of the gas (or the 
average molecular weight if a mixture of gases is in- 
volved) and u = square root of the average square of 
the velocities of the molecules. 

This picture of a gas is, of course, excellent for many 
purposes where the pressures involved are not great 
and the temperatures are far above the temperatures 
at which it tends to liquify. 

Since real gases, under the conditions mentioned, do 
obey the perfect gas laws over limited regions, it is 
convenient to express the perfect gas equation in terms 
of the constants of the real gas. 

The constants of the real gas can be expressed as 


t, = the critical temperature on the absolute scale 
pb, = the critical pressure (atmospheres) 
v, =the critical molecular volume 
—_— M ; 
~ 1000d, 
where d, is the critical density (G/c.c.) 


(liters) 


A most useful derived constant, the critical coefficient, 
is defined as 


= Rte 
re PeVe 


It is evident that if the real gas obeyed the perfect gas 
law at the critical point the value of m would be unity. 
However, since all real gases have critical coefficients 
ranging in value from 2.89 for carbon bisulfide to over 
five for the cyanides and nitriles, the critical coefficient 
is a measure of the departure from the perfect gas law 
at the critical point. That is, the volume of a fluid at 
the critical point is 1/n of the volume it would have if 
the perfect gas law were obeyed. 

If pressures, volumes, and temperatures are ex- 
pressed in terms of the critical constants a new system 
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These 


of units, called the reduced units, is obtained. 
units are expressed as 


Reduced pressure =P= . 
Reduced volume =V= ~ 
Reduced temperature = T = 


¢ 
When the perfect gas law for one mole of gas, pu = 
Rt, is divided by pw, = he one obtains the equation 
n 


PV = nT. 
This can be called the equation of an ideal gas. 
That is, it is the equation of a real gas, in terms of its 


1.6 
2.5 
4.0 
8.0 
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FIGURE 1.—ISOTHERMAL CURVES 


critical constants, at pressures sufficiently low for the 
perfect gas law to be followed. 


GENERAL PROPERTIES OF REAL FLUIDS 


Before starting a discussion of equations of state it is 
desirable to outline something of the picture of pres- 
sure-volume-temperature relationships of fluids as 
they are at present known from the many experimental 
studies of many different substances. These relation- 
ships can best be elucidated by first discussing various 
methods used to plot them. 

A much used method is to plot against v values 
along various isothermal lines. This method is very 
useful for finding the work done in changing from one 
condition to another by obtaining the value of /pdv 
from the initial to the final state along the particular 
path of the change. However, it is of little value for 
indicating the departure of a substance from perfect 
gas conditions. 

A second method, due to Amagat, is to plot values of 
pu against p. This method has been improved by 
plotting pu/t values against . On such a graph all of 
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the values satisfying the perfect gas law fall on the 
single horizontal line whose equation is pu/t = R, and 
the departure from perfect gas conditions is directly 
indicated by the distance of any point, indicating a 
given set of conditions, from that line. On this graph, 
however, the critical point for each substance will fall 
at a different point. 

When it is desired to compare one substance with 
others on the same graph in terms of reduced units a 
similar plot is used but the units are changed so that 
PV/T is plotted against P (6). On such a graph the 
critical point is represented by the point (1,1) and ideal 
gas conditions by the line PV/T = n. 

On this graph each substance will have a different 
ideal gas line. In order to compare different sub- 
stances, then, it will be necessary to stretch the graphs 


of the different substances so that the space from 


: 
A 0 to a = 1 is undisturbed and so that all of the 





T 
PV ; ; —e , : 
e:* n lines will coincide at some arbitrary line, 

V, ? , 
3 = m. The equation for converting ae values on 

PV; 
the unstretched graph to > values on the stretched 
graph is 
=a = =a “ - ; . = a in which m) = 3.25 


Such graphs are shown in Figures 1 and 2, and a 
discussion of these figures will show what general state- 
ments can be made about fluids which will be useful in 
formulating equations of state. 

In Figure 1 the critical points of all substances fall at 
the point (1,1), and ideal gas values fall on the line 
ae = No. 
was constructed in order to produce this particular 
effect. The interesting thing is that many other regu- 
larities, accurate to within but a few per cent., be- 
come evident in studying data plotted in this way. 

The critical isotherms of all substances start at 
(0, 3.25) and pass in order through the points (0.5, 2.6), 
(1,1), (2, 1.1), (10, 4) and (20, 7.2). Above a tempera- 
ture of about 2.5 the isotherms all lie above the ideal 


This, of course, is true because the figure 


gas line. Mathematically, this is expressed by the 
relationship, . “T | = Owhen P = Oat T = 2.5. 
Or se 


This temperature is known as the Boyle temperature 
(7). All isotherms between T = 1.5 and T = 3.5 
pass through or very close to the point (11, 4). This 
point is called the unique point (8). No gas o¢cupies 
less than the ideal gas value above P = 8.* The iso- 
therms for T = 4 pass through the points (10, 3.85) 
and (20, 4.55). The isotherms for T = 8 pass through 
the points (10, 3.5) and (20, 3.9). 

The orthobaric curves, the curves for gases and liquids 
* For ammonia this point may be as high as P = 11. 
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in equilibrium, all pass through the points (0, 3.25), 
(1, 1), and (0, 0) (see Figure 2). However, these curves 
do not all follow quite the same paths between P = 0 
and P = 1. The particular path followed seems to be 
a function of the critical coefficient, ~. At P = 0.4, 
for instance, the curves for n = 3.4 (mp = 3.25) pass 
through the points (0.4, 2.43) and (0.4, 0.229) and for 
n = 4 they pass through the points (0.4, 2.37) and 
(0.4, 0.216). 

Two recent studies confirm the idea that the ortho- 
baric curve is a function of m. Fales and Shapiro (9) 


is 2\m 
show that ln - K wee where V, and V; 


are the reduced volumes of gas and liquid, respectively, 
in equilibrium at the reduced temperature, 7. The 
constant, m, varies for different substances from 0.347 
to 0.420 and g from 0.821 to 1.558. <K is almost identi- 
cal with the critical coefficient, , and varies from 3.2 
to 4.9 for the thirty substances they studied. They 
conclude that there is no basis for dividing liquids into 
associated and non-associated groups. Bauer, Magat, 
and Surdin (10) have shown that liquids in equilibrium 
with their vapor act alike with reference to a derived 
function of critical and triple point temperatures. 
t rad ly 


c 
ture and ¢, is the critical temperature. 





They let 0 = where /, is the triple point tempera- 


Plotting 90 


against 3 (v, = triple point volume) gives a single 
Uy 
curve for all substances investigated, the equation of 


7 


which may be written log (4.30 a *) = “ log (1 — 9). 


Yy, 
Compressibility, 8, and surface tension, o, in terms of 0 
4 2/3 
are found to be & = Bina. kom et ‘ (1-6). 
&° > oP Of Vy 

A study of Figures 1 and 2 shows, then, that fluids 
do have general properties which can serve as a basis 
for the formulation, not only of equations of state for 
each separate substance, but also for the formulation 
of a general equation of state which should represent, 
with a fair degree of accuracy, the behavior of all nor- 
mally acting substances. 


VAN DER WAALS’ EQUATION 


As is well known, the first somewhat theoretically 
satisfactory equation of state is that of van der Waals. 
Writing his equation in the reduced form it becomes 


(P+ a V —B)=nT. Theconstant, B, is a correc- 


tive term to allow for the volume actually occupied by 
molecules of finite size and it is usually considered, 
according to Clausius, to be equal to four times the 
actual volume of the molecules. A/V? is a corrective 
term applied to the pressure to allow for the backward 
force on molecules about to hit the confining surface 
and thereby reduce the pressure below what it would be 
if there was no attraction between molecules. Accord- 
ing to van der Waals this backward force on each mole- 
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cule is proportional to the density, and the number of 
molecules about to strike the surface is also propor- 
tional to the density. Therefore the corrective force 
should be directly proportional to the square of the 
density or inversely proportional to the square of the 
volume. This reasoning seems to be correct as far as 
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it goes, but it does not quite tell the whole story. 
According to Clausius, the pressure exerted by a gas is 
due to the change of momentum of the molecules 
colliding with the container. Therefore the corrective 
term should be proportional to the loss of momentum 
due to the attractive forces rather than to the attrac- 
tive forces themselves. That is, the corrective term 
should be proportional to /fdx for the time the force 
acts, where f is the force and x is the time. Since the 
time is inversely proportional to the velocity or to 
the square root of the temperature, it now seems that the 
pressure corrective term should be written A/T’?V". 
Another effect for which van der Waals did not allow 
at all is the surface tension effect. That is, for an in- 
creased density at the surface due to molecular attrac- 
tions. 





Orthobaric Curve ” =3.4 mp =3.25 
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The constants of this equation are evaluated by 
considering the fact that on the (P, V) graph the critical 
isotherm has a point of flexion at the critical point. 
This means that the equation is a perfect cubic in V 
for P = T =1. Equating coefficients in the expanded 
form, V? — (B + n) V?+ AV — AB = 0 to those of 
Vv? — 3V2+ 3V — 1 = O, the values of the constants 
are found to be A = 3, B = 1/3, and m = 8/3. 

The value of ~ found in this manner brings to light 
the greatest difficulty of van der Waals’ equation. It 
makes no allowance for the variation in m for different 
real gases and gives a value to m lower than its actual 
value for any real gas. 

The obvious method for correcting this difficulty 
would be to introduce the experimental value of m for 
any substance studied and at the same time to introduce 
an additional constant into the equation so that the 
condition that the equation be a perfect cubic at the 
critical point could still be satisfied. This point does 
not seem to have been clear to many of the investigators 
following van der Waals, for a great amount of effort 
seems to have been expended in the hope of changing 
the form of the equation so as to obtain a better value 
of m. This was due, of course, to the limited number of 
critical constants available. And most of the sub- 
stances whose critical constants had been measured 
have a value of ” of about 3.7. 


EQUATIONS TO OBTAIN A BETTER VALUE OF THE 
CRITICAL COEFFICIENT 


A few of the attempts to find an equation giving a 
better value of m than does van der Waals’ will be dis- 
cussed. 

In 1881 Lorentz (11) suggested an equation which, 


in the reduced form, is (P ok ,) V = aT (1 ot ;): 


Expressed as a cubic in V this becomes PV* — nTV? + 
V(A — nTB) = 0. Since this equation contains no 
constant term it cannot be a perfect cubic at the 
critical point. 

In 1898 Dieterici (12) proposed an equation which in 


the reduced form is P(V — B) = nTeNTV, 

Since this is an exponential form its constants can- 
not be evaluated by making it a perfect cubic at the 
critical point. However, the condition from the cal- 
culus for a point of flexion, namely, that the first and 
second derivatives of P with V be equal to zero, T 


being constant, can be used. That is (Serle bi 


2 

0 and | (Sz), | Cr = 0. The constants valuated in 
2 

this way are B = 1/, C = e? and n = So 


3.6945 and the equation may be written very simply 


2 
Te This value of ” is better than van der 





mt ast 
Waals’ for some substances. 
In the following year, 1899, Dieterici (13) proposed 


JouRNAL oF CHEMICAL Epucatioy 


A 
ay — B)=nT. Deter. 
mining these constants by differentiation A = 4, B = 
1/,and n = 3.75. 

In 1900 Berthelot (14) proposed the equation 

A 

(p+ Av -» 
van der Waals’ except that the pressure correction term 
is made an inverse function of T as is the case in Ran. 
kine’s equation. The constants for this equation are 
the same as for van der Waals’, namely A = 3, B = 
1/3, and n = 8/3. 


In the year 1908 Planck (15) suggested P = 


B A 
i — 3) = nics 


ferentiation, A = K = 2.58 and B = 1/2. 
Even as late as 1918 Shaha and Basu (16) proposed 
—nT, (V — 2B) : 
3B ln ” jee The first deriva- 
tive of this equation leads to the unusable result that 
n= 0. 
In 1919 Kam (17) proposed the equation P = 


another equation (P + 


nT which is just the same as 


— EF 
B 


Evaluating the constants by dif. 








the equation P = 


nT 2A = soe 5 
TV So | heaiaaane ala /2and n = 4, 


The foregoing examples are sufficient to give some 
idea of the immense amount of work which has been 
done on equations of state which do not allow the ex- 
perimental values of 1 to be used. 


EQUATIONS USING EXPERIMENTAL VALUES OF THE 
CRITICAL COEFFICIENT 


Turning now to equations which allow the experi- 
mental values of n to be used, Clausius (18) in 1880 
proposed an equation which in the reduced form is 


27n? n 

———  _ ) V—B) =nT where A =——,, B=1-—-, 
(P+afeo:) ) =nT where 64 1 r 
and C = “ — 1. This equation cannot be used for 


substances for which ~ = 4 or more because B becomes 
zero or negative for these values. Moreover, when n 
= 3.25, T = 1 and V = 0.4 the value of P is 3.7 ac- 
cording to this equation, but the experimental value of 
P for these conditions is 10. 
The equation of Kammerlingh Onnes (19) (1902), 
a Se ee SR ee 
pu = A, ets tot! +S ee As B, 
and so forth each a function of ¢ is completely empirical 
and too complex for easy computation. 
In 1914 Wohl (20) introduced*the equation which in 
. Cc 
the reduced form is (P a TVV — B) om) (V—B) 
= nT. The constants of this equation are rather in- 
volved functions of m. They are 
2n—3+6B—3nB —3B? _5n—6+18B —12nB —18B?+6nB?+6B' 
1 — 2B 3 — 9B + 5B? 
_ 2m — 3 + 6B — 3nB — 3B? catti=s-3 
1 — 2B 1-B 
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For » = 3.25 this equation becomes 


4.3196 2.32 
(P r TV — 1807) ~ aa — .1897) = 3.25T 


Complex as this equation is, it does not fit experi- 
mental data well. One example will suffice to show 
this. When” = 3.25, 7 = 1, and V = .4 the value of 
P computed by this equation is 15.2 but the experi- 
mental value is 10. 

d : , Rt (1 — e) 

The Beattie-Bridgeman equation (21) P = as can 
(0 + B) — 4 where A = A, (1 — “), B = By (1 — °,, 


and e = = can be made to fit the experimental values 
v 


of many fluids over wide ranges. However, as pointed 
out by the authors, this equation is not adapted for use 
in regions near the critical point. 

Keyes (22) has done much work on equations of 
state, recently in connection with the preparation of 





steam tables. His equation for steam is p = A 
Uv — 
where B is a complex function of p and ¢. However, 


his interest lies in very accurate representation of the 
data available rather than in satisfying general prop- 
erties over the widest possible ranges.* 


BOYLE TEMPERATURE 


An additional criterion for testing equations of state 
is furnished by consideration of the Boyle temperature. 
The Boyle temperature has been defined as the tem- 
perature above which the gas never occupies a space 
less than would be occupied by a perfect gas, no matter 
what the pressure. As has been stated, this tempera- 
ture has been found to be very close to two and one- 
half times the critical temperature for all substances 
which have been measured. Applying this criterion 
to some of the equations discussed above, the Boyle 
temperature is found to be 3.375 times the critical for 
van der Waals’ equation, 1.839 for that of Berthelot, 
and 4 for that of Dieterici. According to the equa- 
tion of Clausius, the Boyle temperature changes rapidly 


with m, being 1.839 for n = = 2.705 for n = 3.25, 


infinity for n = 4 and imaginary for values of m greater 
than 4. According to Wohl’s equation T, = 2.65 for 
n = 3.25. And according to the Beattie-Bridgeman 
equation 7, = 4.58 for helium and 2 for carbon dioxide. 


GENERAL EQUATIONS OF STATE 

The realization that fluids have general properties 
naturally leads to attempts to formulate these rela- 
tionships in a general equation of state. Two courses 
seem to be open for doing this. One is to set up an 
equation in which P is an odd power function of V. 
This form is necessary so that the equation may have.a 
point of flexion at the critical point on the (f, v) plot. 


* Krves, F. G., “Note on a corresponding-states equation of 
Practical interest for general physico-chemical computations,” 
J. Am. Chem. Soc., 60, 1761-4 (1938). _In this paper he deduces 
a reduced equation of state. 
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This can be done, of course, by making all roots equal 


at this point. Plank (23) does this and represents con- 
ditions quite accurately up to P = 3. 

The author (6) adopted the second course, that of 
starting with van der Waals’ equation, keeping the 
pressure a cubic function in V, but adding additional 


terms for increased flexibility. His equation (P + 


A 
THY? + STE pr) ee ieee 


log (F+ 1) represents conditions quite well up to 





P = 86 except in the region of liquids in equilibrium 
with the vapor. A, B, C, D, n, K, q, y, and z are con- 
stants. For the particular value of the critical co- 
efficient, 7 = m = 3.25, B is equal to 0, a fact which 
makes the evaluation of the constants considerably 
simpler than it would be otherwise. Above P = 86 the 
1/3 
KP term has to be modified to | K — on) (24) to 


fit the high pressure data of Bridgman (25). The terms 


a and x are constants. 


FUTURE DEVELOPMENTS 


Since the recognition that there are general properties 
of fluids is comparatively recent and since no present 
equation of state satisfactorily represents them all, it 
is natural to expect future developments in this subject. 
Though no one can predict just what form these de- 
velopments will take, it may not be amiss to indicate 
one or two possibilities. 

Since Bauer, e¢ al. (10), were so successful in formulat- 
ing a general equation for liquids in equilibrium with 
their vapors, it may be expected that this work will be 
extended to include liquids at all conditions. 

, 
Try: is be- 
lieved to have some theoretical foundation, but the C 
and D terms were added empirically to allow for sur- 
face tension effects. It now seems that the surface 
tension equation of Ramsay and Shields may be uti- 
lized to give a theoretical expression for this effect, 
; A — ET 
“Tay: * 
of a negative surface tension effect for gases above the 
critical temperature. Or it may be that this expression 
can be kept in its present form but that in evaluating y 


2 
from the expression [ (Sa) | = 0 (24) the negative 
oT? V ICr 


root of the quadratic equation in y will fit the liquid 
region better than has the positive root which has been 
used. 

Though it has been well stated that the task of 
finding suitable forms for equations of state and of 
evaluating their constants is an endless one, it would 
seem that progress is being made as long as results 
which more closely approximate experimental data are 
being obtained. 


The author’s pressure correction term 


possibly of the form This involves the idea 
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The TESTING of ORGANIC REAGENTS 
— for INORGANIC ANALYSIS 


HELMUT M. HAENDLER 


University of Washington, Seattle, Washington 


N A recent paper, Yoe (3) proposed a rapid method 
for the testing of organic reagents to determine their 
adaptability for colorimetric inorganic analysis. 
This method can be extended, with a few modifications, 
to include testing of organic reagents for use in qualita- 


tive spot tests and in precipitation analysis. Impor- 
tant possibilities might easily be overlooked if the re- 
agent is studied only from a colorimetric standpoint, 
and for the sake of completeness, spot tests, precipita- 
tion tests, and colorimetric tests should be run on each 
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new or suspected reagent. The same reagent and 
metal solutions can be used in each case. 

Practically all important metals can now be ob- 
tained rather reasonably, and, if necessary, a few of 
the rarer ones could be omitted. Each periodic group 
can be represented by at least one member so that cover- 
age is almost complete. Certain elements, rhenium 
for example, are difficult, if not impossible, to keep in 
cationic form. In such cases the most common an- 
ionic form, such as perrhenate, can be used. Solutions 
containing 5-10 mg. of the metal per ml. afford a better 
basis of comparison than solutions made from the same 
weights of different salts, and also more nearly ap- 
proximate the average stoichiometric proportions, 
in particular if the reagent has a low solubility in the 
solvent employed, which, incidentally, should be 
miscible with water. When available, acetates are 
preferable, as they generally give neutral solutions; 
otherwise chlorides or nitrates will prove satisfactory in 
most cases. When possible, a one per cent. reagent 
solution, usually in water or alcohol, should be used. 
Should the solubility of the reagent be less, a saturated 
solution is best. 


SPOT TESTS 


Complete spot tests of all the metallic ions in the 
periodic table can be made very rapidly by an adaption 
of Yagoda’s method of quantitative spot tests (2). 
Large, rectangular sheets of filter paper are ruled in the 
form of a periodic table, that of Werner (1) being ex- 
ceptionally well suited for later study and comparison. 
Squares about 25 X 25 mm. are a convenient size, 
and a 12-15 mm. diameter paraffined spot is placed 
in the center of the square corresponding to each metal 
to be tested. The circles can be made by direct im- 
print of the paraffin with a warmed metal tube of suit- 
able diameter and thickness, or by direct transfer of the 
wax from a sheet of paraffined tissue paper by means of 
the warm metal tube. After cooling, a drop of re- 
agent, or a corresponding amount if less than a one 
per cent. reagent solution is used, is put in the center of 
each circle, and the paper is allowed to dry, supported 
out of contact with any surface. As soon as the re- 
agent has dried, the metal solutions are added and the 
colors noted. If desired, other sheets can be used to 
determine the color in acid or basic medium, the acid 
of the metallic salt anion being used. Should any 
satisfactory indications be obtained, each spot can be 


1 WERNER, A., ‘‘Neuere Anschauungen auf dem Gebiete der 
anorganischen Chemie,’’ Braunschweig, Vieweg & Sohn, 1923, 
p. 9. 

2 Yacopa, H., Ind. Eng. Chem., Anal. Ed., 9, 79 (1937). 
3 Yor, J. H., J. Cuem. Epuc., 14, 170 (1937). 
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studied individually to determine the best conditions for 
possible qualitative use. 


PRECIPITATION TESTS 


The results of the spot tests will sometimes give indi- 
cations as to the elements which will precipitate with 
the reagent, but all metals should be tested, neverthe- 
less. Precipitations can be carried out very satis- 
factorily in the spoon ends of small porcelain spatulas. 
A small filter is prepared by fitting a small bottle with 
a 2-hole rubber stopper bearing a glass elbow for con- 
nection to the suction line and a short length of vertical 
glass tubing, one end of which has been softened and 
flattened, without much constriction of the inner bore, 
by pressing it onto an asbestos plate. Two 15-mm. 
square pieces of filter paper are placed over the end 
of the tube, moistened with water, and the center is 
pushed down with a glass rod into the tube to a depth 
of 1-2 mm. A drop of the reagent and a drop of the 
metal solution are mixed in a spoon, allowed to stand 
for a minute or two, and then transferred to the filter, 
and washed with water. Gentle suction is sufficient. 
The true color of the precipitate can be noted and its 
solubility in acid, base, or organic solvent can be deter- 
mined directly on the filter paper. If no precipitate is 
formed in the spoon the solution can be made acidic 
or basic to determine any possible influence of pH on the 
precipitation. 

In any event, should the reagent form precipitates 
with one or more of the metallic ions these should be 
studied more in detail. This detailed study is some- 
what similar to that for colorimetric reagents, and 
should include: (1) identification of the compound 
formed, whether it is an inner complex, molecular, 
and so forth; (2) determination of the completeness of 
formation, for incomplete precipitation naturally bars 
it from quantitative use; (3) determination of the 
stability of the compound, whether it is suitable for 
direct weighing; (4) effect of pH; (5) sensitivity; (6) 
interfering ions; and (7) possibilities for indirect 
analysis. 


COLORIMETRIC TESTS 


These tests have already been discussed ;* in them 
care must be taken to insure the presence of sufficient 
reagent to give a complete reaction with the metal 
present. 

Thus a fairly complete picture of the analytical 
possibilities of a new organic reagent can be deter- 
mined in the space of a few hours. The collection of 
such data should aid immeasurably the development 
of more accurate theories of this branch of analytical 
chemistry. 














RECENT ADVANCES in 


HISTOLOGICAL CHEMISTRY by 
the LINDERSTR@M-LANG HOLTER 


TECHNIC and 


DEVELOPMENT 


of ULTRAMICRO TECHNICS’ 


DAVID 


GLICK 


Laboratories of the Newark Beth Israel Hospital, Newark, New Jersey 


HREE years ago the author reviewed for THIS 
JOURNAL the methods and applications of en- 
zyme studies in histological chemistry by the 
Linderstrgm-Lang Holter technic (1). In recent years 
the technic designed by Linderstrgm-Lang and Holter 
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at the Carlsberg Laboratory in Copenhagen has been 
expanded considerably by them and their collabora- 
tors, who come from many parts of the world to learn 
and to help further the histochemical studies in the 

* It was erroneously stated in the previous paper (1) that the 


apparatus was available from the Burrell Technical Supply Com- 
pany, Fifth Avenue, Pittsburgh, Pennsylvania. The apparatus, 





including the new ultramicro equipment, may be obtained from E. 
Petersen, Carlsberg Laboratory, Copenhagen, Valby, Denmark. 
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pleasant atmosphere of the Danish laboratory. The 
methods were developed as their need arose in particu- 
lar cases, and at the present time there is a wide variety 
of these methods available for studies of enzymes and 
other biologically important constituents in histologi- 
cally defined samples of tissue. It is the purpose of 
the present communication, in part, to outline the new 
procedures and summarize their applications so that the 
picture given previously may be brought up-to-date. 
It may be recalled that the methods developed for 
the histochemical studies were thousand-fold refine- 
ments of accepted macro procedures, refinements which 
permitted investigations of single microtome sections 
of tissue or single cells of the larger type, such as ova of 
marine invertebrates. However, in order to enable 
studies of single cells, and parts of cells, an approxi- 
mate hundred-thousand-fold refinement of macro 
procedures would be required. It is questionable 
whether this goal can be conveniently achieved by 
further development of the original titration apparatus, 
though the possibility remains. A buret ten times 
finer than those they normally employ (hence gradu- 
ated in increments of 0.02 cmm.) was designed by 
Linderstrgm-Lang and Holter; the buret tube was 
of smaller bore, and the capillary forces operating in 
this tube made consistently accurate titrations impos- 
sible. Because of the mechanical limitations to further 
buret refinement, it was considered desirable to seek 
an essentially different method of approach for analysis 
of an ultramicro order. Within the last year Linder- 
strgm-Lang has developed two separate ultramicro 
technics which are based on different principles, and 
which, to a great extent, have different limitations so 
that one can often be used in cases unsuited to the other. 
They possess possibilities of opening extensive fields of 
investigation not only in the histochemical, but in the 
cytochemical realm as well. The new technics will be 
described later in this paper. 


NEW MICRO METHODS AND APPARATUS 


With the elaboration of new methods to meet the re- 
quirements of specific investigations there has been a 
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corresponding development of new apparatus. In 
many instances this new apparatus is of general 
applicability, hence descriptions of it will be included 
with the discussions of the methods for which it was 
evolved. 

Chloride—A method for the estimation of chloride 
in tissue was worked out by Linderstrém-Lang, Palmer, 
and Holter (2). The determination consists of an in- 
cineration of the organic material followed by an elec- 
trometric titration of the chloride ion with AgNOs. 
The tissue sample for analysis should contain prefer- 
ably between 4 X 10‘ and 20 X 10~‘* mg. Cl. 

A reaction vessel, A, in Figure 1 (1) made of heat- 
resistant glass is used for both incineration and titra- 
tion. Seven cmm. of a salt solution (1.2 g. NaNO; 
and 0.4 g. Na,HPO,:2H20 in 14 cc.) is pipetted into 
the bottom of the vessel, the tissue is added, the water is 
evaporated off at 106° in an oven, and the incineration 
is effected by cautious heating over a Bunsen flame. 
Fifty cmm. of 0.17 N HNO; is added with a hand pipet, 
and the titration is then carried out with 0.02 NV AgNO; 
containing 1.2 g. of NaOH, 0.4 g. of NagHPO,-2H;0, and 
3.4 cc. of 5 N HNO; in 100 ce. 

The arrangement of the electrometric titration is 
shown in Figure 1. The buret B is the type shown in 
Figure 6 (1); (A) and (A’) are silver wires which serve 
as electrodes; (A) is fixed into the side tube with a bit 
of picein. Before insertion it is cleaned with cold dilute 
HNO;, and afterward it is kept in contact with the 
titration liquid; in this manner it need not be changed 
for months. The tip of the buret may be protected 
from contact with (A’) by the glass cap shown on the 
right of Figure 1; (A) and (A’) are connected with a 
potentiometer so arranged that the galvanometer 
gives no deflection when the potential difference across 
(A) and (A’) is +210 millivolts, corresponding to a 
silver concentration in the vessel of 0.05 X 10-4 M. 
This concentration would be given by adding 0.013 
emm. 0.02 N AgNO; to the 50 cmm. in the vessel, 7. ¢., 
by an amount just on the limit of accuracy with which 
the buret can be read. The galvanometer circuit is 
kept closed, and the titration circuit is closed by dipping 

the buret into the liquid in the vessel. The deflection 
is observed each time the tip touches the liquid, and 
the endpoint is reached when the deflection changes 
direction. Because of the danger of polarization, the 
titration circuit should be closed only momentarily. 
With care the endpoint can be determined with an ac- 
curacy of about 0.02 cmm. of AgNO; solution. 

Nitrogen.—A refined micro Kjeldahl method adapted 
for quantities of nitrogen ranging from 0.5 to 6 y, with 
an average deviation of +0.03 y has been developed 
by Levy (3). The digestion and reaction vessel made 
of heat-resistant glass, and having a capacity of about 
2.5 cc., is shown in Figure 2, A. The sample for analy- 
sis is placed in the bottom of the tube with 50 cmm. of 
digestion mixture and most of the water is driven off 
in an oven at 130°. The digestion mixture is prepared 


by heating 10 cc. conc. H2SOx, 6.25 g. KeSOu,, and 0.75 g. 
Se until all water is driven off and the solution remains 
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clear on cooling. A dry 10-cc. pipet is filled with the 
mixture which is then blown out into 40 cc. of water. 
After about one and a half hours the mixture has turned 
black and is ready for preliminary digestion. 

The preliminary digestion consists of heating the 
tube, fixed at an angle of about 30° to the vertical, with 
a micro burner until the liquid is yellow or colorless. 

The final digestion is performed in a digestion rack 
(Figure 2 B). Spring clips hold the tube, and a glass 
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jet acts as a micro burner. Digestion is finished when 
the solution becomes colorless after cooling. The tube 
is held almost horizontally and 700 cmm. of water are 
pipetted directly into the digest with great force. The 
digest is allowed to stand until it is dissolved; then it is 
ready for nesslerizing. 

The stirring, during addition of Nessler’s reagent, is 
effected by bubbling air, under pressure of 20 cm. of 
water, through the liquid by means of a capillary tube. 
As the bubbles rise from the bottom of the reaction 
vessel, 300 cmm. of Nessler’s reagent is pipetted in. 
Between ten and ninety minutes later the solution is 
placed in a micro cuvette holding 0.2 cc., and the in- 
tensity of the color is determined with a Pulfrich pho- 
tometer equipped with an S 43 filter. The readings 
are made against a control prepared in the same fash- 
ion, but without the nitrogen sample. The nitrogen 
content is found by referring to a previously deter- 
mined calibration curve. 

To facilitate the pipetting in this method, semi- 
automatic hand pipets were constructed. These have 
been found to be convenient for many other methods as 
well, and have largely supplanted the earlier types. 
The sketch in Figure 3 is self-explanatory. The con- 
striction prevents the liquid below it from passing out 
of the pipet unless pressure is applied at the top, thus 
serving to fix the volume of liquid and hold it until 
ready for delivery. 

Combined Sodium and Potassium.—A method for 
the determination of combined sodium and potassium 


FIGURE 2 





70 


in tissues was given by Linderstrgm-Lang (4). Samples 
of less than 4 X 10~‘ milliequivalents of the alkalies 
may be determined with an accuracy of 1 X 10-* 
milliequivalents. The alkalies are converted to the 
chlorides in which form they are titrated electro- 
metrically. 

The bits of tissue for analysis are placed in clear 
quartz tubes 20 mm. long, 3.8 mm. inner diameter, 
and 6 mm. outer diameter. Ten cc. of ashing reagent 








‘ 


FIGURE 3 


(1.2 g. BaCl2H,O + 3.2 g. Ba(OH)28H20 in 100 cc.) 
are added to each tube and the water is evaporated at 
106°. When dry the tubes are placed in an electric 
incineration oven (Figure 4) maintained at 440-460°. 
The top consists of a copper block with holes into which 
the tubes fit. After thirty minutes, 100 cmm. of water 
are added to the grayish white material in the tube 
by means of a standardized semi-automatic hand pipet. 
The liquid is stirred with a glass needle, and the tube 
is then capped and centrifuged for five minutes at 2000 
R.P.M. Seventy to eighty cmm. of the supernatant 
solution are removed with another standardized semi- 
automatic hand pipet and delivered into one of the 
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ordinary reaction vessels. Fifteen cmm. of precipita. 
tion reagent (5.7 g. (NH4)2COs in 100 cc. 1.5 N NH,OH) 
are added and the covered tube is frequently stirred 
by means of a magnetic ‘“‘flea’”’ (1) during the next two 
hours. The “flea” is removed by means of the magnet 

















FIGURE 4 


and the mixture is again centrifuged. An aliquot re- 
moved with the 70-80 cmm. pipet is transferred into a 
quartz tube in which the water is allowed to evaporate 
at 106°, and a second incineration is conducted at 360° 
for one hour. Finally 50 cmm. of titration medium 
(1.2 g. NaNO; + 0.4 g. Na2HPO,:2H20 in 100 cc. NV/10 
HNOs) are added and the chlorides of sodium and po- 
tassium are titrated electrometrically with N/50 AgNO; 
made up in titration medium. Control experiments on 
the reagents, and with known amounts of pure KCl 
for standardization of the AgNO; solution, are included. 
The results are usually a little low, and may be cor- 
rected by multiplying by the factor 1.04. Careful 
attention must be given to certain details such as the 
manner of using the hand pipets (4). 

Potasstum.—Norberg has developed a micro potas- 
sium method adapted to the determination of less than 
10~* milliequivalent of the metal with an accuracy of 
1-2 X 10~‘ milliequivalents (5). The method is based 
on the principle of precipitating the potassium in the 
form of the chloroplatinate and transforming this salt 
into the iodoplatinate, which can then be titrated with 
thiosulfate. 

The sample, which may be an aliquot of the super- 
natant extract of incinerated tissue (4), is placed in 
either of the two forms of vessel shown in Figure 5. 
Ten cmm. of precipitation reagent (0.1 g. HePtCle4 
HO in 10 cc. of aqueous solution) are added, and the 
water is evaporated at 90-95°. The precipitate is then 
washed with 100 cmm. of absolute alcohol. A platinum 
needle is used to stir up the solid; before removing from 
the tube it is rinsed off with 10 cmm. of absolute al- 
cohol. The vessel is capped and the precipitate is thrown 
down by centrifuging for five minutes at 2000 R.P.M. 
The supernatant fluid is next sucked off by means of the 
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capillary tube arrangement shown in Figure 6. The 
liquid remaining should be less than 5 cmm. The 
washing process is repeated and the precipitate is dried 
at 95° and dissolved in 45 cmm. of boiling hot M/150 
phosphate buffer at pH 6.98. The solution of the solid 
requires six to twelve hours. Fifteen cmm. of 2 N 
KI are added, the mixture is stirred with a “‘flea,”’ 
and the tube is capped. After thirty minutes the liquid 
is titrated to the disappearance of the rose color with 
0.02 N NaS.O;. The titration is performed in a green 
light obtained by allowing the light from an electric 
bulb fixed on the back of the titration stand to pass 
through a cell filled with a bromthymolbule solution 
buffered to pH 6.36. A tube filled with water is placed 
peside the titration tube, and the titration is continued 
until the colors of the tubes match in the green light. 
Calcium.—Two micro methods for the measurement 
of calcium have been described by Siwe (6). The esti- 
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FIGURE 5 


mation of the calcium in 50 cmm. of serum may be 
carried out by either of these procedures. 

The calcium is precipitated as the oxalate in both 
methods by adding 50 cmm. of five per cent. ammonium 
oxalate to the 50 cmm. sample after the latter has been 
warmed with a very small drop of concentrated NH,OH. 
After standing two to six hours the precipitate is cen- 
trifuged down and washed twice with 100 cmm. of ice- 
cold water. 

In the first, or permanganate, method the oxalate 
precipitate is dissolved in 25 cmm. of twenty-five 
per cent. HNO;. Fifty cmm. of NV/100 KMn0O, are 
added, and after one minute to one minute and a half, 
25 cmm. of KI solution are introduced, iodine liberated 
by the excess KMnO, is titrated with N/100 NaS.O; 
using 0.2 per cent. starch indicator. 

In the second, or acidimetric, method the calcium 
oxalate is heated on a sand bath between 550° and 600° 
for half an hour. Fifty cmm. of N/100 HCl are added 
to the cooled alkali solid, and, after warming in a water 
bath for half a minute, the excess HCl is titrated with 
N/100 NaOH using one per cent. phenophthalein. 

Glycogen.—A micro method for determining glycogen 
was given by Heatley (7). It consists of isolation of 
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the glycogen from the tissue followed by acid-hydroly- 
sis, and finally estimation of the reducing sugar formed 
by the method of Linderstrém-Lang and Holter (1). 
To the tissue sample in a reaction tube, about 35 
cmm. of thirty per cent. KOH are added, and the tube 
is capped and heated in a steam bath for twenty min- 
utes. With the same pipet 35 cmm. of water are added 
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followed by 105 cmm. of absolute alcohol. A fine plati- 
num wire is used to stir the mixture and the glycogen is 
flocculated by heating in the steam bath for a few 
seconds. Next the glycogen is centrifuged down at 
3500 r.P.M. for fifteen minutes and the supernatant is 
removed. The precipitate is washed with 100 cmm. of 
absolute alcohol, recentrifuged, the supernatant liquid 
discarded, and this washing process is repeated once 
more. The last traces of aicohol are driven off in the 
steam bath, and the glycogen is hydrolyzed with 35 
cmm. of 0.6 N HCl in the steam bath for two and a half 
hours. A bit of paraffin (20-30 mg.) is added with the 
HCl. After hydrolysis the tube is inverted and ro- 


tated so that an even coat of wax is formed over the 
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upper part of the tube. The liquid is neutralized with 
1 N NaOH to a bluish gray with thymol blue. The 
sugar estimation is finally carried out by the iodometric 
procedure. The maximum error should be less than 
+2 of glycogen corresponding to a titration error of 
+0.3 cmm. of 0.05 N NazS.Os. 

Arginase.—Linderstrgm-Lang, Weil, and Holter de- 
veloped two methods for the micro estimation of 
arginase (8). The urease method is based on the 
measurement of the urea 
formed by the cleavage of 
arginine, and the other 
method is an acetone-alco- 
hol titration of the base in- 
crease that occurs during 
the cleavage. 

The urease method is car- 
ried out as follows: Seven 
cmm. of enzyme solution 
are pipetted into 7 cmm. of 
substrate solution in a re- 
action vessel with a flanged 
top (A, Figure7). Thesur- 
face of the flange is ground 
to fit a corresponding flange 
on the cap B. The dimen- 
sions of A are 2.5 cm. X 4 
mm. internal diameter, 6 
mm. external diameter. The 
substrate solution is com- 
posed of M/10 arginine 
chloride in 0.0667 NV NaOH. 
After digestion of enzyme 
and substrate, action is 
halted by placing the vessel 
in boiling water for about 
fifteen minutes. The urea 
that has been liberated 
is now determined. 

Twenty cmm. of urease-buffer solution (7 g. Squibbs 
Urease + 35 cc. 0.5 M phosphate buffer pH 6.8 con- 
tained in 100 cc.) are added, the mixture is stirred in the 
usual manner, and after standing for an hour at 20° 
the flange is covered with thick grease; 10 cmm. of 
forty per cent. NaOH are placed on the side of the vessel 
while it is held horizontally, the previously charged 
cap is put on, the drop of NaOH is mixed with the 
other liquid in the vessel, and the unit is then immersed 
in a 40° thermostat as far as C, Figure 7. The charge 
for the cap, which has been paraffined internally, con- 
sists of 30 cmm. water + 7 cmm. 0.3 N HCl containing 
10 cc. of 0.04 per cent. brom cresol purple per 50 cc. 
After twenty-four hours all of the ammonia has distilled 
into the liquid in the cap, and this liquid is now titrated 
with N/10 sodium borate solution in the manner de- 
scribed for the micro determination of ammonia (Figure 
7, (1)). It will be noted that the procedure given 
above differs from the original ammonia distillation in 
that the reaction vessel need not be paraffined, and 
there is less chance of the alkali creeping into the re- 
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ceiving liquid, though a longer distillation time is re 
quired. 

The method employing titration in acetone-alcohol ig 
conducted as follows: Ordinary reaction vessels 
preferably provided with a small flange (Figure 8), 
are used for both digestion and titration. The digestion 
mixture is the same as that used in the urease method, 
and the mixture is protected from CO: by means of a 
soda-lime tube fitted to the top of the reaction vessel 
by a short rubber tube (Figure 9). The reaction is 
stopped by adding 150 cmm. of a mixture of equal vol- 
umes of absolute alcohol and acetone containing 5 ce, 
of 0.1 per cent. thymol blue per 100 cc. The titration 
is conducted with N/20 (CH3)4NOH in ninety per cent, 
alcohol. This solution is preferable to alcoholic. KOH 
since the tendency to formation of carbonate crystals in 
the latter case is highly undesirable when working with 
the micro buret (Figure 3, (1)). The titration is car. 
ried out with protection against CO, of the air by the 
arrangement shown in Figure 8. P is a glass bead 
previously dipped in pure paraffin oil; S is the buret 
tip. The endpoint is carried to a pH of about 12, a 
standard color comparison tube containing 14 cmm. 
water + 150 cmm. acetone-alcohol-indicator + 1 cmm, 
N/20 (CH3)4NOH being used. However, this standard 
is not very stable and the same greenish shade can be 
duplicated by mixtures of methyl green, picric acid, 
and a trace of acid fuchsin in aqueous solution, or a 
mixture of FeCl;, CuSQ,, and CoCh. 

The latter procedure has advantages over the urease 
method in being more convenient and rapid. How- 
ever, it cannot be used for determining arginase in the 
presence of urease since subsequent breakdown of the 
urea to ammonia and carbon dioxide would increase 
the titer above the theoretical one equivalent per mole 
of arginine. Further, the titration of ornithine is only 
about ninety-five per cent. complete. In most cases 
this is not important, and a correction can be applied if 
necessary. 

Weil and Ely (9) have pointed out that in cases where 
there is danger of a significant degree of autolysis of 
the enzyme in the control tube, it is better to introduce 
3.5 cmm. of 0.1 M glycine-NaOH buffer of pH 9.5 
in order to keep the pH above that required for most 
autolytic processes. 

An improved arginase method has just been de- 
veloped by H. Lanz, Jr.* 

Phosphorus and Phosphatase-—A micro method for 
the estimation of phosphorus or phosphatase that 
may be applied to the analysis of 50 cmm. of blood was 
elaborated by Lundsteen and Vermehren (10). The 
phosphorus in a protein-free acid filtrate is estimated 
by adding to 400 cmm., 100 cmm. of molybdate solu- 
tion (100 cc. 7.5 per cent. NHiMoOQ, + 45 ce. 10 N 
H2SO, + 105 cc. H2,O) plus 100 cmm. of amidol solu- 
tion (15 g. Na,zSO; + 1.5 g. amidol, in 100 cc. aqueous 
solution). After fifteen minutes the intensity of the 
blue color formed is measured in the Pulfrich photome- 
ter using small cells and filter 72. 

* Private communication from K. Linderstrgm-Lang. 
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The phosphatase procedure is conducted by mixing 
900 cmm. of enzyme solution with 200 cmm. of buffered 
substrate (8 cc. N NH,OH + 12 cc. N NH,Cl + 1 g. 
disodium f-glycerophosphate + 2 cc. M MgCh, in 100 
cc. of solution) and after digestion at 37° for twenty- 
four hours the reaction is halted with 300 cmm. of ten 
per cent.CCl,COOH. The precipitated protein is cen- 
trifuged down, and the phosphorus in 400 cmm. of the 
supernatant is determined in the manner described 
above. 

It will be noted that magnesium activation of the 
phosphatase has been made constant so that varying 
amounts of magnesium in the sample will not produce 
fluctuations in the enzyme activity. 

Proteinase.—The micro acidimetric titration in 
acetone for the determination of amino groups has been 
used previously for proteinase estimations (1). Linder- 
strgm-Lang and Duspiva included a micro alkali- 
metric titration in alcohol for the determination of 
carboxyl groups in a study of keratin digestion (11). 
The titration is carried out, as in the arginase method 
with 0.05 N alcoholic (CH3)s4NOH. Because of its 
relative solubility in dilute alcohol, casein is particularly 
suitable as a substrate. For details of the preparation 
of the casein solution in an NH;-NH,Cl buffer the 
original paper should be consulted. 

Weil employed a formol titration of carboxyl groups 
(12) to circumvent the alcohol precipitation encoun- 
tered with many protein substrates. Tetramethylam- 
monium hydroxide was used for titration in the usual 
manner. The formaldehyde solution was prepared by 
neutralizing, with N/10 NaOH to the first pink color, 
4 cc. of a forty per cent. solution to which 2 cc. of 0.1 
per cent. alcoholic phenolphthalein had been added. 
This solution was then made up to 25 cc. and 100 cmm. 
were employed for each titration. Usually 7 cmm. 
portions of enzyme, substrate, and buffer are employed. 

It should be mentioned that precipitation is best 
avoided in the acetone titration by adding an excess 
of the standard HCl before the acetone is introduced, 
and back-titrating with CH;COONH,, which acts as a 
base under the conditions of the acetone titration. 

Catalase—The iodometric method of Stern for the 
determination of catalase has been adapted by Holter 
to the measurement of catalase activity in very small 
quantities of biological material (13). An accuracy of 
about 0.1 cmm. NV/100 NapS.O;, equivalent to decom- 
position of 1.7 X 10-° mg. H,O:, has been obtained. 

A mixture of 15 cmm. of substrate (17/100 H,O, in 
phosphate buffer at pH 7.0) and 7 cmm. of enzyme 
solution previously cooled to 0° is digested at 0° in a 
reaction vessel. After digestion 30 cmm. one per cent. 
KI + 5 cmm. H:MoQ, containing thirty per cent. 
H.SO, are added, and titration is carried out with V/100 
NazS.0;, while a starch indicator is used. 

In an investigation soon to appear (14), Holter and 
Doyle will describe a modified technic designed to 
prevent loss of iodine. 

Choline Esterase—A micro method for the deter- 
mination of choline esterase was. developed by Glick 








73 


(15) capable of measuring the hydrolysis down to the 
order of that given by 1 X 10-* mol of ester. The 
principle employed is the same as that used previously 
in the micro method for esterases splitting esters of 
simple alcohols (1). Nine cmm. of enzyme solution are 
mixed with 16 cmm. of 0.1 M veronal buffer at pH 8.0 
containing 0.5 per cent. choline ester. After digestion, 
50 cmm. of eserine-indicator mixture (10 cc. 0.1 per cent. 
eserine sulfate + 1.5 cc. 0.04 per cent. bromthymol- 
blue) are added to stop the reaction, and titration is 
carried out at once with N/20 HCl to an endpoint at 
pH 6.2. A standard color 
comparison tube was em- 
ployed for the titration 
containing 75 cmm. of 
buffer-indicator solution 
(25 cmm. of M/15 phos- 
phate buffer at pH 6.2 + 
50 cmm. of eserine-indi- 
.cator mixture). 


APPLICATIONS 


The recent applications 
of the Linderstrgm-Lang 
Holter technic are ex- 
tremely diverse since the 
methods have been em- 
ployed by workers in 
widely different fields. 
Hence it would be imprac- 
tical to discuss these ap- 
plications in any detail. 
Brief references will be 
made here to the work, 
but a complete bibliog- 
raphy will be given. 

Linderstrgm-Lang and Holter have continued thei 
applications of the micro methods along several lines. 
Collaborating with Soeborg Ohlsen, studies of the his- 
tological distribution of various components within the 
gastric mucosa have been continued. Investigations 
have been made of the urease in the dog’s stomach 
(16), and of the dipeptidase, amino-, and carboxy- 
polypeptidases in hog and human stomachs (17). 
Glick studied the choline esterase in hog stomach in 
normal states and after administration of drugs (18). 

Holter (14, 19-22) has been carrying out studies on 
the localization of enzymes within single cells (marine 
ova and protozoa), and Kopac (21) and Doyle (14, 
22, 23) have been actively associated with this work. 
The activation of the leucylpeptidase of single Tubifex 
eggs by magnesium salts has been reported by Holter, 
Lehmann-Bern, and Linderstrgm-Lang (24). 

Heatley and Lindahl (25) employed the microtechnic 
in an investigation of the distribution and nature of 
glycogen in the amphibian embryo. 

Weil and Ely (9) investigated the arginase activity in 
various histological regions of the rabbit kidney. 

Linderstrém-Lang and Engel studied the distribution 
of amylase in different layers of the barley grain (26), 
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and Glick followed the ascorbic acid distribution in the 
developing barley embryo (27). Pett studies the dis- 
tribution of dipeptidase, protease, and lipase in dormant 
and germinating wheat seeds (27a). 

Duspiva carried out some experiments regarding the 
proteolytic enzymes of clothes- and wax-moth larvae 
(28), as well as investigations of the pH of the intestinal 
juice of these by means of a new micro glass electrode 
(29). 

Agren and Hammarsten have found it convenient 
to employ the micro-titration methods for their studies 
on proteolysis and reversed proteolysis (30-32). 

A series of studies were made by Glick and Biskind 
of the concentration of ascorbic acid in various animal 
tissues as a function of both histological structure, and 
stage of development from 
embryo to adult (33, 34, 
36-43). The distribution 
of lipolytic enzymes in the 
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termined (35). 

The chemists, biologists, 
and medical people who 
have visited the Carlsberg 
Laboratory to study and 
apply the micro technics 
have, upon returning to their 
native lands, set up micro 
chemical laboratories based 
upon these technics. Hence, 
at the present time one may 
find the Linderstrgm-Lang 
Holter methods employed 
in laboratories from Banga- 
lore to Stockholm. In this 
country the technics are be- 
ing used by Palmer and Levy 
at the New York University 
Medical School to investigate enzyme and certain ele- 
ment distributions in developing chick embryos, by 
Doyle in Bryn Mawr College to study cytological 
localization of enzymes, by Weil at the Biochemical 
Research Foundation of the Franklin Institute to 
measure arginase and proteinase in kidney and other 
tissues, and by the author to establish histological 
distributions of certain enzymes and vitamins. 




















FIGURE 9 


ULTRA-MICRO TECHNICS 


As previously mentioned, Linderstrgm-Lang has 
achieved the refinement required for investigations on 
single cells and parts of cells through two new technics. 

The first technic depends upon the volume change 
that occurs during many enzyme reactions (44). A 
drop of enzyme-substrate mixture is placed in a ver- 
tical tube containing a kerosene-bromobenzene mixture 
having a density gradient. The drop will come to 
rest at a level having the same specific gravity. As the 
reaction proceeds, the resultant volume change will ef- 
fect a change in specific gravity of the drop which in 
turn will cause it to move to a new level. The distance 
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the drop moves is taken as a measure of the chemiqy 
change produced. This procedure enables continuoy 
observation of the undisturbed process, and very smal 
drops may be used since the measurements are inde. 
pendent of the volume of the drop. The size of th 
drops usually employed is 0.1 cmm. Of course onl 
substances immiscible with the medium, and _ sub. 
strates that yield products immiscible with 
the medium, may be usedin thedrops. Thus 
certain enzymes, such as esterases, are ex- 
cluded from study by this technic. 

The density gradient is obtained by half- 
filling the glass tube (Figure 10) with a 
kerosene-bromobenzene mixture of appro- 
priate specific gravity, and a similar mixture 
having a little lower specific gravity is added 
until the tube is filled. Stirring at the re- 
gion of the junction of the two mixtures 
makes the gradient less abrupt, and when 
kept at constant temperature (+0.005°) 
there is little change so that the tube may 
be used for many weeks. The top and bot- 
tom reservoirs on the tube are necessary 
to maintain a more constant gradient. 

After the tube is filled, the mixture is saturated with 
a salt solution of suitable aqueous tension by spraying 
some in from the top. The solution collects on the 
sides and bottom of the tube. The specific gravity 
at different levels is obtained by introducing a series of 
test drops of salt solutions having known specific gravi- 
ties. The magnitude of the excursion of the drop is 
measured by a cathetometer adjustable to 0.1 mm. 
Smaller movements are followed by an occular mi- 
crometer fitted to the cathetometer-telescope. 

The technic has already been applied to the deter- 
mination of peptidase activity (44) and it is being 
adapted for use with other enzymes. An investiga- 
tion of the peptidase activity of single blastomeres of 
sea-urchin eggs in the eight-cell stage has been com- 
pleted (45). _The composition of the drops used in the 
peptidase method is: 0.1 m. to dl-alanylglycine, 
0.0173 M to NaOH, 0.0333 m. to phosphate buffer of 
pH 7.4, in enzyme solution. 

The second ultra-micro technic (46, 47) is, in prin- 
ciple, a refinement of the Warburg manometric pro- 
cedure. Use has been made of the fact that any change 
in volume of the gas in a Cartesian diver results in a 
corresponding change in the pressure necessary to 
bring the diver to a standstill at a fixed level. 

The apparatus employed is shown in Figure 11; (D) 
is the thin-walled glass diver having a total volume of 
about 12 cmm. and weighing about 25 mg.; (7) is a 
solid glass tail that keeps the diver upright and allows 
adjustment of its weight. The reaction mixture having 
a volume of around 1 cmm. is placed in the bottom of 
the bulb, a paraffin oil seal is placed in the neck, and 
the diver is dropped into a vessel (B) containing nearly 
saturated (NH4,)2SO, to which H2SO, has been added 
to lower the pH to 3-4; (B) is maintained at constant 
temperature (+0.02°) in a thermostat. The diver 
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may be raised or lowered by changing the pressure 
with the water manometer. The manometer scale 
which is 2 m. long is graduated in mm. The inner 
diameter of the tubing is 2mm. The volumes of the 
two syringes are 1 and 10 cc., respectively, and the pis- 
tons are moved by means of racks and pinions. The 
pressure required to bring the (NH4)2SO, meniscus in 
the diver to a mark on vessel (B) is recorded at 
definite intervals in order to follow the gaso- 
metric process occurring within the diver. 
Pressure readings are reproducible to 1-2 
mm. of water. ‘The divers are cleaned by blow- 
ing a fast stream of water through them by 
means of a capillary pipet and then heating 
cautiously to remove traces of organic material. 

The gasometric procedure may be applied to 
studies of cellular respiration, estimation of ac- 
tivity of certain enzymes, and measurement of 
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trol experiments must be included to correct for baro- 
metric changes during the experiment and for non- 
enzymatic—hydrolysis. 

Tyrosine or tyrosinase may be determined by use of 


this technic (48). The principle of the method is 
measurement of the O2 consumed from the air in a diver 
by the system, tyrosine-tyrosinase. 
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velocity and extent of many chemical reac- Cc 

tions on an ultra-micro scale. , 
An application of the technic to the determi- 

nation of choline esterase has been described 





GURE |i) 
(47) that depends upon measurements of the 
: CO, evolved from a bicarbonate buffer by the 
d with ] i ; ‘ 
rayin acid formed on hydrolysis. With a pipet of 
a a the type shown in (Figure | (1)), 1 cmm. of 
wf substrate solution saturated with a mixture 
ravity ‘ St lea cia ol 
ries of of five per cent. CO. + ninety-five per cent. 


Nois placed in the bottom of a diver. The sub- 
strate solution consists of 0.5 per cent. acetyl- 
choline chloride in bicarbonate-Ringer solution 
(100 cc. 0.9 per cent. NaCl + 2 cc. 1.2 per cent. 
KCl + 2 cc. 1.76 per cent. CaCh, hydrated + 
20 cc. 1.26 per cent. NaHCO;). During 
pipetting, the diver is kept in a holder (H 
Figure 11). A stream of the gas mixture satu- 
rated with water vapor is passed over the sur- 
face of the substrate solution in the diver for 
half a minute by means of a fine tube. Then 
0.3 cmm. of enzyme solution is added and the 
gas mixture again swept through the diver. 
Finally the oil seal is placed in the neck with 
a pipet having two marks (P, Figure 11). 
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ts Thus the volume of oil used was that between the two 
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FIGuRE 11 


Thus the development of micro and ultra-micro 
technics proceeds. Elaborations of new methods con- 
tinue to be made, and the applications of these methods 
extend increasingly into diverse fields like a young 
tree whose first branches bear fruit while its trunk 
continues to climb and new branches still appear. 






(3) Levy, M., “A micro Kjeldahl estimation,” 
trav. laboratoire Carlsberg, Sér. chim., 21, 101 (1936); 
Z. physiol. Chem., 240, 33 (1936). 

(4) LINDERSTRGM-LANG, K., ‘‘Microestimation of alkalies in 
tissue,’”’ Compt. rend. trav. laboratoire Carlsberg, Sér. 
chim., 21, 111 (1936). 

(5) NorBere, B., ““Mikrobestimmung von Kalium,”’ ibid., 21, 


Compt. rend. 


233 (1937); Mikrochem. Acta, 1, 212 (1937). 








76 


(6) Srwe, S. A., ‘‘Einige Methoden zur Bestimmung von Ca in 
kleinen Blutmengen,”’ Biochem. Z., 278, 442 (1935). 

(7) Heatiey, N. G., ‘The distribution of glycogen in the re- 
gions of the amphibian gastrula with a method for the 
micro-determination of glycogen,” Biochem. J., 29, 
2568 (1935). 

(8) LINDERSTRGM-LANG, K., L. WemL, AND H. Ho iter, ‘‘A 
micro-estimation of arginase,’”’ Compt. rend. trav. labora- 
totre Carlsberg, Sér. chim., 21, 7 (1935); Z. physiol. 
Chem., 233, 174 (1935). 

(9) Wet, L. ann J. O. ELy, “Distribution of arginase activity 
in rabbit kidney,”’ J. Biol. Chem., 112, 565 (1936). 

(10) LuNDSTEEN, E. AND E. VERMEHREN, “Micro methods for 
the estimation of phosphatases in blood plasma and in- 
organic phosphorus in blood,’’ Compt. rend. trav. labora- 
totre Carlsberg, Sér. chim., 21, 147 (1936); Enzymologia, 1, 
273 (1936). 

(11) LinDERSTRgM-LANG, K. AND F. Dusprva, ‘‘The digestion 
of keratin by the larvae of the clothes moth,” Compt. rend. 
trav. laboratoire Carlsberg, Sér. chim., 21, 53 (1936); Z. 
physiol. Chem., 237, 131 (1935). 

(12) WEL, L., ‘‘A micro-method for the determination of tryptic 
activity,” Biochem. J., 30, 5 (1936). 

(13) Hotter, H. UND K. LINDERSTRGM-LANG, ‘‘Enzymverteil- 
ung im Protoplasma,”’ Monatsh., 69, 898 (1936). 

(14) HoLter, H. anp W. L. Doyte, ‘‘Enzymatic studies on the 
protozoa” (in preparation). 

(15) Guiecx, D., ‘“‘A micro-method for the determination of 
choline esterase and the activity-pH relationship of this 
enzyme,’ Compt. rend. trav. laboratoire Carlsberg, Sér. 
chim., 21, 263 (1938); J. Gen. Physiol., 21, 289 (1938). 

(16) LINDERSTRgM-LANG, K. AND A. S@EBORG OHLSEN, “Dis- 
tribution of urease in dog’s stomach,”’ Enzymologia, 1, 92 
(1936). 

(17) SgEBoRG OHLSEN, A., unpublished data. 

(18) Guicx, D., ‘‘The histological distribution of choline esterase 
in the gastric mucosa normally and after administration 
of certain drugs,” Compt. rend. trav. laboratoire Carlsberg, 
Sér. chim., 21, 269 (1938); J. Gen. Physiol., 21, 297 
(1938). 

(19) Hotter, H., ‘“‘Enzymverteilung im Protoplasma,”’ Arch. 
exp. Zellforsch. Gewebezucht., 19, 232 (1937). 

(20) Hoter, H., “Localization of peptidase in marine ova,” 
J. Cellular Comp. Physiol., 8, 179 (1936). 

(21) Hotter, H. ano M. J. Kopac, “‘Localization of peptidase in 
the ameba,”’ zbid., 10, 423 (1937). 

(22) Hotter, H. unp W. L. Doyte, “Uber die Lokalisation der 
Amylase in Amében,”’ Compt. rend. trav. laboratoire Carls- 
berg, Sér. chim., 22, 219 (1938). 

(23) Dov.z, W. L., ‘‘Catalase and peptidase activity of marine 
ova,’’ thid., 21, 291 (1938); J. Cellular Comp. Physiol., 11, 
291 (1938). 

(24) Horter, H., F. E. LEHMANN-BERN, AND K. LINDERSTRYM- 
Lanc, “Activation of the leucylpeptidase of Tubifex 
eggs by magnesium salts,” Compt. rend. trav. Laboratoire 
Carlsberg, Sér. chim., 21, 259 (1938); Z. physiol. Chem., 
250, 237 (1937). 

(25) Heat ey, H. G. ann P. E. Linpau_, ‘The distribution and 
nature of glycogen in the amphibian embryo,” Proc. 
Roy. Soc. (London), B, 122, 395 (1937). .. 

(26) LINDERSTR@M-LANG, K. uND C. ENGEL, ‘‘Uber die Verteil- 
ung der Amylase in den ausseren Schichten des Gersten- 
kornes,” Compt. rend. trav. laboratoire Carlsberg, Sér. 
chim., 21, 243 (1938); Enzymologia, 3, 138 (1937). 

(27) Guicx, D., “‘The quantitative distribution of ascorbic acid 
in the developing barley embryo,” Compt. rend. trav. 
laboratoire Carlsberg, Sér. chim., 21, 203 (1937); Z. 
physiol. Chem., 245, 211 (1937). 


JouRNAL OF CHEMICAL Epucatioy 


(27a) Pett, L. B., “Studies on the distribution of enzymes jn 
dormant and germinating wheat seeds,”’ Biochem. J., 29 
1898 (1935). : 
28) Duspiva, F., ‘Die Proteolytischen Enzyme der Kleider- 
und Wachsmottenraupen,” Compt. rend. trav. laboratoire 
Carlsberg, Sér. chim., 21, 177 (1936); Z. physiol. Chem 
241, 177 (1936). ? 

(29) Duspiva, F., “Die Verwendung der Glaselektrode zur 
Bestimmung der H* Konzentration im Darmsaft der 
Kleider- und Wachsmottenlarven,” Compt. rend. tray, 
laboratoire Carlsberg, Sér. chim., 21, 167 (1936); Z. physiol, 

, Chem., 241, 168 (1936). 

(30) AGREN, G. AND E. HAMMARSTEN, “The behavior of crys. 
tallized secretin when digested with proteolytic enzymes,” 
J. Physiol., 90, 330 (1937). ri 

(31) Acren, G. unp E. Hamarsten, “Uber die Einheitlichkeit 
eines Kristallisierten Pepsins,” Enzymologia, 4, 49 

(1937). 

(32) Acren, G. AND E. HAMMaRSTEN, ‘‘The disappearance of 
amino-nitrogen from cell-free liver extracts I,” Compt. 
rend, trav. laboratoire Carlsberg, Sér. chim., 22, 25 (1938). 

(33) Griicx, D., ‘The chemical determination of minute quan- 
tities of vitamin C,” J. Biol. Chem., 109, 433 (1935). 

(34) Gricx, D. anp G. R. Biskinp, ‘‘The histochemistry of the 
adrenal gland. I. The quantitative distribution of 
vitamin C,” zbid., 110, 1 (1935). 

(35) Gricx, D. anp G. R. Biskinb, “The histochemistry of the 
adrenal gland. II. The quantitative distribution of 
lipolytic enzymes,” zbid., 110, 575 (1935). 

(36) Gricx, D. AND G. R. Biskinp, ‘‘The histochemistry of the 
hypophysis cerebri. The quantitative distribution of 
vitamin C,’’ ibid., 110, 583 (1935). 

(37) BiskinD, G. R. AND D. Gtick, ‘“‘The vitamin C concentra- 
tion of the corpus luteum with reference to the stage of 
the estrous cycle and pregnancy,” tbid., 113, 27 (1936). 

(38) Giicx, D. anp G. R. Biskinp, ‘‘The quantitative distribu- 
tion of vitamin C in the small intestine,” zibid., 113, 427 
(1936). 

(39) Giicx, D. AND G. R. BIsKIND, ‘‘The concentration of vita- 
min C in the thymus in relation to its histological changes 
at different stages of development and regression,”’ zbid., 
114, 1 (1936). 

(40) Gricx, D. AND G. R. BISkIND, ‘‘The relationship between 
concentration of vitamin C and development of the 
pineal gland,” Proc. Soc. Exp. Biol. Med., 34, 866 (1936). 

(41) Giicx, D. AND G. R. BIskIND, “‘The quantitative distribu- 
tion of vitamin C in the adrenal gland at various stages 
of development,’’ J. Biol. Chem., 115, 551 (1936). 

(42) Giicx, D. AND G. R. BIsKIND, “The distribution of vitamin 
C in the lens of the eye,” Arch. Ophthamol., 16, 990 
(1936). ; 

(43) Biskinp, G. R. anp D. Gtick, ‘‘The vitamin C in testes in 
relation to anatomic and functional changes,’ Arch. 
Path., 23, 363 (1937). 

(44) LINDERSTRGM-LANG, K.., ‘“‘Dilatometric ultra-micro estima- 
tion of peptidase activity,” Nature, 139, 713 (1937). 

(45) Hotter, H., H. LAnz, Jr., AND K. LINDERSTRGM-LANG, 
“Localization of peptidase during the first cleavages of 
the egg of the sea urchin, psammechinus miliaris,’’ J. Cel- 

lular Comp. Physiol., 12, 119 (1988). 

(46) LINDERSTR¢M-LANG, K.., ‘‘Principle of the Cartesian diver 

ied to gasometric technique,” Nature, 140, 108 


determination of choline esterase activity,’’ Comp. rend. 
trav. laboratoire Carlsberg, Sér. chim., 22, 300 (1938). 
(48) SREENIVASAYA, M., unpublished data. 








Div 
reas 
are 
Thi 
cad 
In. 
ion: 
ant 
luri 
oth 


TION 


mes in 
Bak 29, 


leider. 
wr atoire 
Chem., 


le zur 
ft der 
. trav, 
hysiol, 


crys- 
mes,” 


chkeit 
4, 49 


ice of 
‘ompt. 
1938). 
quan- 


of the 
nm of 


f the 
n of 


f the 
n of 


ntra- 
ge of 
36). 

ribu- 
427 


vita 
nges 
bid., 
veen 
the 
36). 
ibu- 
Ages 


min 


A QUALITATIVE PROCEDURE for 
the ANALYSIS of GROUP II 


J. L. MAYNARD, H. H. BARBER ano M. C. SNEED 


University of Minnesota, Minneapolis, Minnesota 


QUALITATIVE scheme of analysis of Group 

II is presented in three parts. Part I contains 

a discussion of the separation of Group II into 
Divisions A and B by a special sodium hydrogen sulfide 
reagent. The solubilities of the sulfides in the reagent 
are given. Part II gives the analysis of Division A. 
This Division contains the ions of lead, bismuth, copper, 
cadmium, part of the gold, and the platinum metals. 
In Part III is given the analysis of Division B. The 
ions of this Division are those of mercury, arsenic, 
antimony, tin, gold, molybdenum, selenium, and tel- 
lurium.. Because of its rareness, germanium, the only 
other element of Group II, is omitted. 


PART I 


SEPARATION OF GROUP II INTO DIVISIONS A AND B* 


Group II in qualitative analysis is generally con- 
sidered to contain those metals whose sulfides are pre- 
cipitated by hydrogen sulfide in acid solution. The 
ions of the commonly occurring metals found in this 
group are those of mercury (ic), arsenic, antimony, tin, 
lead, copper, cadmium, and bismuth. Many schemes 
of analysis effect a preliminary separation of the sul- 
fides of this group into two sub-groups by means of 
yellow ammonium sulfide. Treatment of the metallic 
sulfides with this reagent yields soluble complex thio 
compounds of arsenic, antimony, and tin. -The sulfides 
of the other metals of this group remain undissolved. 
However, the use of any reagent containing ammonium 
polysulfide involves the analyst in a number of diffi- 
culties (1). A. A. Noyes (2) separates the sulfides of 
Group II into two divisions by the use of a reagent 
containing sodium hydroxide, sulfide and polysulfide. 
This reagent has the same disadvantages as yellow 
ammonium sulfide because it contains too much poly- 
sulfide. Furthermore, the reagent dissolves appreciable 
amounts of bismuth and copper sulfides. 

With a view toward the elimination of some of these 
difficulties, Sneed (3) introduced a new reagent to take 
the place of yellow ammonium sulfide. The original 
reagent was a solution of sodium hydrogen sulfide, but 
modification was necessary because it dissolved appreci- 
able quantities of bismuth sulfide (4) and failed to 

* An abstract of a portion of a thesis submitted to the Faculty 
of the Graduate School of the University of Minnesota by H. H. 


Barber in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy, June 1926. 
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dissolve stannous sulfide very readily. The composi- 
tion of the reagent was changed so that to each liter of 
a 3 N solution of sodium hydroxide saturated with 
hydrogen sulfide there. was added 4 g. of sulfur and 
3.5 g. of sodium hydroxide. The sulfur accomplished 
the oxidation of stannous sulfide to the stannic form 
and the more strongly acid nature of the latter re- 
sulted in the ready solution of this compound in the 
reagent. As for the solubility of bismuth sulfide in the 
reagent, it was found that as an average of nine deter- 
minations only 2.5 mg. of the sulfide out of 0.2676 g. 
was dissolved after boiling for two hours with 100 ml. 
of the reagent (5). Only about 0.1 mg. of bismuth is 
dissolved when 0.2 g. of its sulfide is digested for five 
minutes with 20 ml. of the reagent. 

The modified sodium hydrogen sulfide reagent has 
been used by classes in qualitative analysis at the 
University of Minnesota since 1919, and the complete 
procedure as finally adopted is to be found in “‘Revised 


Procedures for Qualitative Chemical Analysis’ (6) 
The sulfides of mercury (ic), arsenic, antimony, and 
stannic tin are completely soluble in the special reagent, 
while those of lead, copper, cadmium, and bismuth are 


very difficultly soluble. These latter elements con- 
stitute Division A of the Sneed procedure. 

In addition to the eight commonly occurring elements 
whose sulfides are precipitated by hydrogen sulfide in 
acid solution there are eleven other elements that fall 
in this group and, if present in solution, would be pre- 
cipitated as sulfides in Group II of the qualitative pro- 
cedure. The latter elements are gold, selenium, tel- 
lurium, molybdenum, platinum, palladium, osmium, 
ruthenium, rhodium, iridium, and germanium. It 
became of interest to us to incorporate these elements, 
with exception of the extremely rare germanium, in the 
analytical procedure used for the identification of the 
eight commonly occurring elements, and to modify or 
elaborate the scheme to make it all inclusive. 

Since the key reagent of the procedure for Group II 
is the sodium hydrogen sulfide reagent, it became neces- 
sary to establish its behavior with each of the sulfides of 
the ten metals it was desired to add to the scheme of 
analysis. Hilger (7) found the sulfides of tellurium and 
selenium to be completely soluble in the reagent, while 
palladium sulfide remained undissolved. Weber (8) 
established the insolubility of iridium sulfide in the 
special reagent and Barber (9) found platinum sulfide 
to be very slightly soluble. Experimental work by 
Maynard and Sneed shows that the sulfides of osmium, 
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ruthenium, and rhodium are very difficultly soluble in 
the sodium hydrogen sulfide reagent. The sulfides of 
the two remaining elements, molybdenum and gold, 
are known to be completely soluble in solutions of alkali 
sulfides. 

In order to separate Group II into the two sub- 
groups the sulfides are digested for five minutes with 
40 ml. of the sodium hydrogen sulfide reagent. By this 
treatment the sulfides of arsenic, antimony, selenium, 
tellurium, gold, and molybdenum are readily dissolved 
by the reagent. Stannous tin, as previously men- 
tioned, must be oxidized to the stannic state by the 
polysulfide before solution takes place. Mercuric 
sulfide is almost insoluble in the cold reagent but it 
dissolves upon heating according to the equation: 


HgS + 2NaHS —~> Na:HgS: + HS 


The solubility of the sulfides of Division A in the 
reagent was carefully checked by two methods. In all 
cases 40 ml. of the reagent was used and the time of 
digestion of the sulfides with the sodium hydrogen sul- 
fide was five minutes. In the first method the sulfides 
of the platinum metals and those of the base metals were 
treated separately with the reagent. Only 0.5 mg. of 
each metal was used for each test. In every instance 
enough sulfide remained undissolved to give a good test 
for the metal. In these tests it was observed that the 
sulfides of copper, iridium, and bismuth, as well as some 
of the others, dissolve in appreciable amounts in the 
cold reagent but precipitate upon digestion. 

In the second method the sulfides were digested 
separately as before, but the amount of metal present 
in each instance was increased tenfold. This time the 
filtrates from the undissolved sulfides were tested for 
the corresponding metal. No tests were obtained for 
lead, cadmium, palladium, ruthenium, rhodium, and 
iridium. Osmium and platinum gave indications of 
mere traces. Both copper and bismuth sulfides dis- 
solved in sufficient amounts to give tests for these 
metals. However, the amount of each of these was 
small. Bismuth was found by the cinchonine-potas- 
sium iodide test while sodium diethyldithiocarbamate 
was used to test for copper. The ferrocyanide test 
for copper was inconclusive. Several factors (10) 
seem to influence the solubility of bismuth sulfide in 
the reagent. In all tests, even when only 0.5 mg. of 
bismuth was present, the greatest part of the Bi.S; 
remained undissolved. ; 

In the account just given regarding the solubility of 
sulfides, it is seen that the platinum group elements, all 
of whose sulfides are insoluble in the special reagent, 
fall in the same sub-group with copper, cadmium, bis- 
muth, and lead. Any metallic gold formed by reduc- 
tion with hydrogen sulfide when the Group II precipi- 
tation is made will also appear with the preceding 
metals. The main portion of the gold, together with 
selenium, tellurium, and molybdenum, belongs in the 
sub-group with arsenic, antimony, tin, and mercury. 
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PROCEDURE FOR THE ANALYSIS OF GROUP II 


Precipitation of the Sulfides.*—The solution shovi 
contain not less than 1 or more than 50 mg. of eachg 
the metals. In the experimental work the follow 
compounds were used: H,SeO;, Na,TeO;, Au(), 
(NH,4)2MoO,, SbCl, Na2HAsO,, SnCh, HgCh, HePtC, 
PdCh, RuCl, OsQO,, IrCl,, RhCl;, CuCh, CdCh, Bic, 
and Pb(NO;)2. The solution to be tested should hay, 
a volume of 60 ml. and must be 6 N with respect 
hydrochloric acid. It should be heated to 90° anj 
treated with a fairly rapid stream of H2S for thre 
hours. At the end of this time the volume measurg 
about 30 ml. This solution should be diluted to gj 
times its volume and then treated with H.S for fiftee 
minutes at a temperature of 90°. The precipitate j 
removed by filtration and washed with H2S water. 

Evaporate the filtrate to a volume of 5-7 ml., add a 
equal volume of water and then pass in H2S for twenty 
minutes at a temperature of 90°. The solution is noy 
diluted to eighteen times the original volume of from} 
to 7 ml. and HS is passed in for ten minutes. 
and then wash the precipitate with H.S water. 
the filtrate unless other groups are present. 

Separation of the Sulfides by means of the NaH 
Reagent.—Combine the precipitates obtained abov 
and digest for five minutes with 40 ml. of the specid 
reagent. Filter, wash the residue with one per cent 
NaOH solution and then with a one per cent. solution 
of NH,NO; saturated with H.S. Remaining undis 
solved in the special reagent are the sulfides of Cu, 
Cd, Bi, Pb, Pt, Pd, Rh, Ru, Ir, Os, and small amounts 
of metallic gold. Dissolved in the special reagent are 
the complex thio salts of Sb, Hg, As, Sn, Se, Te, Mo, and 
Au. 


DISCUSSION OF THE PROCEDURE 


During the development of this procedure the au- 
thors have kept in mind certain requirements neces 
sary to a scheme of analysis that is to be suitable fo 
classroom use. It is believed that students who have 
had a first course in qualitative analysis in college wil 
have acquired a sufficient knowledge of the chemistry 
of the commonly occurring elements so that no diff: 
culty will be encountered in the separation and identi 
fication of these elements. Additional study will, of 
course, be necessary before carrying out those parts oi 
the procedure dealing with selenium, tellurium, molyb- 
denum, gold, and the platinum metals. 

All of the special reagents required, aside from the 
substance used in the detection of platinum, are widely 
used in modern courses in qualitative analysis. The use 
of dimethylphenylbenzylammonium chloride is original 
with one of us, and a more detailed study of the effi 
ciency of the reagent is in progress. The reagent is 
specific for platinum under the conditions set forth in 
this procedure and will identify the element in a solw- 


* Abstracted from a thesis presented to the Faculty of the 
Graduate School of the University of Minnesota by J. L. May- 
nard in partial fulfilment of the requirements for the degree d 
Doctor of Philosophy, June 1938. 
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P Il tion containing as little as 3 gamma of the metal per 
n shoyM milliliter. Dimethylphenylbenzylammonium chloride 
of each yf is not available from manufacturers of organic chemi- 
followinit cals, but it may be easily prepared by the action of 





benzyl chloride on dimethylaniline. Details are to be 
found in a following section dealing with the special 
reagents used in this procedure. 

Precipitation of the Sulfides of Group II.—In order 
to secure complete precipitation of iridium as sulfide, 
the temperature of the solution must be near the boiling 
point, and the treatment with hydrogen sulfide must 
be continued for a period of several hours in 6 N acid 
solution (11). Dilution to an acid concentration of 
1 N produces a favorable condition for the precipitation 
of the other sulfides in this group with the exception 
of molybdenum, cadmium, and lead. After precipita- 
tion at this concentration the directions call for evapora- 
tion to a volume of from 5 to 7 millimeters. 

This small volume of solution will usually be colored 
blue if ruthenium is present in the original solution. 
The color is said to be due to ruthenium dichloride 
(12). It has been found that further treatment 
with hydrogen sulfide in 3 N acid solution at 90° will 
complete the precipitation of ruthenium, while a final 
precipitation in 0.3 N acid results in the separation of 
the remaining amounts of lead, cadmium, and molyb- 
denum. 

It is to be noted that throughout this procedure 
various operations are carried out at a temperature of 
90°. The authors have found it most convenient to 
use an electric hotplate with a resistance in the line so 
adjusted as to give the desired temperature. 

Separation of the Sulfides by Means of the NaHS 
Reagent.—The efficiency of this reagent in the separa- 
tion of Group II into two sub-groups has been discussed 
in the introductory portion of this article. It is only 
necessary to point out that a dense filter paper or fil- 
tering crucible must be used to filter out the very 
finely divided sulfides of Division A. The dark red 
color of the filtrate containing thio salts of the elements 
of Division B makes it difficult to detect the presence 
of suspended solids that will be present unless a suffi- 
ciently retentive filter be used. 
























PART II 





THE ANALYSIS OF DIVISION A* 






INTRODUCTION 







Soon after the present research was undertaken it 
became obvious that when osmium, ruthenium, rho- 
dium, and iridium were included in the copper sub- 
group, the ordinary scheme of analysis would have to 
be abandoned. The satisfactory solution of the prob- 
lem was found to lie in the choice of a proven method 
of analysis of the platinum metals as the basis for the 
procedure developed in this investigation. Distinc- 
tive reactions for the detection of the base metals in 
this sub-group Were so chosen as to make unnecessary 









_* An abstract of a portion of a thesis presented to the Univer- 
sity of Minnesota by J. L. Maynard. 
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any basic changes in the procedure finally selected for 
the analysis of the platinum metals. 

The decision to use a scheme for the separation of the 
platinum metals as the basis for the analysis of the 
entire sub-group necessitated a critical examination 
of previously used methods. Those investigated were 
developed by Deville and Debray (13), Claus (14), 
Gibbs (15), Bunsen (16), Mylius and Dietz (17), 
Koukline (18), Wunder and Thiiringer (19), Mylius 
and Mazzucchelli (20), Friend (21), Weber (22), Noyes 
and Bray (23), and Gilchrist and Wichers (24). An 
examination of each of these procedures showed that 
only the last-named method met the requirements of a 
scheme suitable for use in a course in qualitative an- 
alysis. Designed to give a precise quantitative 
separation of the six platinum metals, the Gilchrist- 
Wichers procedure also lends itself to use as an ex- 
cellent qualitative scheme of analysis. 

In adapting this procedure for use in the qualitative 
analysis of Group II, the present authors have deviated 
from the quantitative method in only one important 
respect. Gilchrist and Wichers use titanous chloride 
to separate rhodium from iridium. When a solution 
containing the chlorides of these elements is treated 
with the aforementioned reagent, rhodium is reduced 
to the metallic state (25). Excess titanium is then 
removed from the iridium solution by precipitation 
with cupferron. The expense involved in the use of 
titanous chloride, together with the sensitiveness of the 
solution toward oxidation on exposure to air (26), makes 
it unsuitable for general classroom use. Furthermore, 
the elimination of excess titanium introduces an addi- 
tional operation that consumes a considerable amount 
of time. The method finally adopted by the present 
authors for the identification of rhodium in the pres- 
ence of iridium is used by Noyes and Bray (27). This 
procedure is well adapted to qualitative use and in- 
volves no special reagents. 

In addition to the major change noted in the pre- 
ceding paragraph, a number of minor deviations from 
the Gilchrist-Wichers procedure have been made. 
These involve differences only in the quantities of re- 
agents used. Since the quantitative method did not 
include confirmatory tests for the platinum metals, 
these tests have been supplied in the present scheme. 


OUTLINE OF A PROCEDURE FOR THE ANALYSIS OF 
DIVISION A OF GROUP II 


Original Solution 
NazTeQOs, AuCl;, (NH,4)2MoO,, 
SnCk, HgCl, H2PtCls, PdCh, RuCl, OsOx, IrCl, RhCl;, CuCh, 


H2SeQOs, Na,HAsO,, SbCl, 
BiCl;, CdCl, and Pb(NO;)2. Not less than 1 or more than 50 mg. 
of each metal should be present. Adjust volume to 30 ml. and then 
add an equal volume of HCIt to make 6 N. Heat to 90°, pass 
H.S for three hours. Volume now will be about 30 ml. Dilute 
to six times this volume and pass in HS for fifteen minutes at 90°. 
Filter, wash precipitate with H,S water. Evaporate filtrate to 
volume of 5 to 7 ml., heat to 90° and pass in HS for twenty 
minutes. Dilute to eighteen times the volume of 5 to 7 ml. and 
treat with H.S for ten minutes. Filter, wash the precipitate 


t Unless otherwise specified, the acids mentioned are the con- 
centrated acids ordinarily supplied as reagents. 
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with H.S water. 


Combine the precipitates. 


If Groups III, 


IV, and V were present they would be foucd in the filtrate from 


the last sulfide precipitate. 


Digest the sulfide precipitate for five minutes with 40 ml. of 


the NaHS reagent. Filter. 


Wash residue with one per cent. 


NaOH and then with one per cent. NH,NO; saturated with HS. 





Solution 
Division B 
Thio salts of Se, Te, Au, Mo, 
As, Sb, Sn, Hg. Directions for 
the analysis of this solution are 
to be found in Part III of this 
article. 


Residue 
Division A 

Metallic gold and sulfides of 
Pt, Pd, Ru, Os, Ir,Rh, Cu, Cd, 
Bi, Pb 

Dissolve in 20 ml. dilute 
aqua regia (6 HCI—1 HNO;— 
4 H.O). Dilute to 100 ml. 
Add 40 ml. of 1—1 HNO. 
transfer to retort and distill 
for one hour. Catch distillate 
in 100 ml. 1—1 HCl kept 
saturated with SO.. Keep end 
of delivery tube below surface 
of acid throughout distillation. 





Distillate 
Os 
Evaporate 20 ml. to fumes of 
H.SO,. Dilute to three times 
the volume. Add several crys- 
tals of thiourea. Pink or rose 
color shows presence of Os. 


Residue 
Ru, Pb, Bi, Au, Pd, Cu, Cd, 
Pt, Ir, Rh. Evaporate to 
dryness at 90°. Destroy HNO; 
by evaporation to dryness with 
HCl. Dissolve residue in 20 
ml. H,O and 5 ml. H2SOx. 
Boil to fumes of H,SO,. Add 
45 ml. H.O, 50 ml. of ten per 
cent. aqueous NaBrO;. Dis- 
till from retort for one hour 
into 100 ml. 1—1 HCl kept 

saturated with SO». 





Distillate 
Ru 

Evaporate at 90°. Add 5 ml. 
of HCl. Digest at 90° for 
fifteen minutes. Add 15 ml. 
H.O, then excess strongly am- 
moniacal 2 M NaS.0;3. Boil. 
Violet color is Ru. 


Residue 
Pb, Bi. Au, Pd, Cu, Cd, Pt, Ir, 
Rh 

Destroy BrO;~ by addition 
of successive 5 ml. portions of 
HCl. Add 5 ml. excess HCI; 
evaporate at 90°. Add 2 ml. 
HCI, then dilute to a volume of 
100 ml. Add 0.5 g. of Na2SO,. 
Allow to stand for ten minutes. 
Filter. 





Filtrate 
Bi, Au, Pd, Cu, Cd, Pt, Ir, Rh 
Bring up to pH 3 by careful 
addition of solid NaHCO. 
Use cresol red as indicator. 
Let stand for fifteen minutes. 
Filter. 


Precipitate 
Pb 

Dissolve the PbSO, in a hot 
solution NH,OAc-HOAc (7 
ml. 2 N NH,OAc and 3 mil. 
6 N HOAc). Add solution of 
K.CrO,. Yellow precipitate 
shows Pb. 





Filtrate 

Au, Pd, Cu, Cd, Pt, Ir, Rh 

Add 5 ml. of HCl and then 
pass in SO, for fifteen minutes 
at 90°. Let stand at 90° for 
0.5 hour. Allow the solution 
to cool and then filter it 
through a dense filter paper. 


Precipitate 
Bi 

Dissolve in 3 ml. 3 N HNO; 
and then dilute to volume of 
18 ml. Drop of solution on 
filter paper gives orange color 
with 2 drops of cinchonine— 
KI reagent if Bi is present. 





Filtrate 
Pd, Cu, Cd, Pt, Ir, Rh 
Boil until all SO, is expelled. 
Cool to room temperature 
and then add 3 ml. of a one 


Precipitate 
Au and traces of Pd 
Dissolve in dilute aqua regia. 
Destroy HNO; by evapora- 
tion with HCl. Dissolve resi- 
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per cent. alcoholic solution of 
dimethylglyoxime. Let stand 
for 0.5 hour. Yellow precipi- 
tate is Pd. Filter. 


due in 12 ml. 3 N HQ 
Add 2 ml. five per cent, 
aqueous hydroquinone, Bg 
five minutes. Precipitate 
Au. Filter. To filtrate ay 
1 ml. one per cent. ale, gj. 
methylglyoxime. Yellow pre 
cipitate confirms Pd. 





Filtrate 
Cu, Cd, Pt, Ir, Rh 


Evaporate until separation of solids causes bumping. Add} 


ml. HNO; and evaporate to dryness at 90°. 
20 ml. HCl and boil almost to dryness. 
Evaporate to complete dryness at 90°. 


Treat residue with 
Repeat this treatment 
Add 20 ml. HCl. Stir 


thoroughly and then filter through fritted glass filtering crucible 


Wash with hot HCl. 





Filtrate 
Cu, Pt, Ir, Rh 

Evaporate to volume of 10 
ml. Add 65 ml. H,O, then 
saturate with SO,.. Make 
barely alkaline with 10 M 
NaOH and then just acid with 
HCl. Add 2 ml. of four per 
cent. aqueous NH,CNS satu- 
rated with SO). Allow to 
stand for one hour. Filter. 


Residue 
NaCl + CdCh 


Take half the solid. Ad 
just enough H2SQ, to conver 
chlorides to sulfates. Boil t 
dryness. Dissolve residue in 
H.O and make ammoniacal, 
Filter. Pass HS. Yellow 
CdS confirms Cd. 





Filtrate 
Pt, Ir, Rh 

Boil down to one-half the 
volume. Destroy CNS~ by 
addition of HNO;. Evaporate 
to formation of crystals. Add 
15 ml. HCl, digest at 90° for 
5 minutes. Cool, filter off 
NaCl and wash it with 5 ml. 
HCl. Discard the NaCl. 
Evaporate filtrate to a syrup, 
dilute to 100 ml. Boil, add 
10 ml. aqueous ten per cent. 
NaBrO;, then raise pH to 6 
with solid NaHCO;. Use 
brom cresol purple as indica- 
tor. Add 5 ml. ten per cent. 
NaBrO; and boil for five 
minutes. Add 20 ml. ten per 
cent. NaHCO;, 5 ml. ten per 
cent. NaBrO;, boil fifteen min- 
utes. Filter. 


Precipitate 

CuCNS 
Dissolve in hot HNO. Di- 
lute, filter, then evaporate to 
dryness. Dissolve residue in 
HCl. Dilute. Test separate 
portions with NH,OH and 
with K,Fe(CN).. Blue color 
and reddish brown precipitate, 
respectively, prove presence of 

Cu. 





Filtrate 
Pt 

Destroy BrO;~ with HCI. 
Boil until solids begin to settle 
out, then continue to dryness 
at 90°. Add 20 ml. HCl and 
boil for three minutes. Filter 
off solid NaCl. Dilute filtrate 
to100 ml. Treat 20 ml. of this 
solution with 5 ml. of ten 
per cent. aqueous dimethyl- 
phenylbenzylammonium chlo- 
ride. Crystalline precipitate 
shows Ft. 


Precipitate 
Rh and Ir 

Dissolve in 20 ml. HCI and 
2 or 3 drops of 6 N HNO, 
Divide solution into two equal 
parts. 

Make one part strongly am- 
moniacal. Evaporate to dry- 
ness. Take up with 10 ml. hot 
6 N HCl. Yellow residue is 
Rh. 

Evaporate remaining part of 
solution with 5 ml. H.SO. 
When fumes of H,SO, are 
evolved add several drops of 
HNO;. A blue color confirms 
Ir. 
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DISCUSSION OF THE PROCEDURE 


Separation and Identification of Osmium.—The retort 
used to carry out the distillations by which osmium 
and ruthenium are separated from the other members 
of this group offers a very effective substitute for the 
expensive all-glass still and absorption train used for a 
quantitative determination (28). 

The thiourea test for osmium is very satisfactory. 
A definite pink color is produced with 0.01 mg. of os- 
mium per milliliter of solution. None of the other 
platinum metals give the color (29). 

Separation and Identification of Ruthenium.—The 
bromic acid oxidation of ruthenium salts to the tetrox- 
ide permits the quantitative removal of ruthenium 
from a solution in a single distillation. After the de- 
struction of nitric acid used in the oxidation of os- 
mium, sulfuric acid is added to convert the chlororu- 
thenate to ruthenium sulfate because volatilization of 
ruthenium tetroxide can be accomplished more rapidly 
from a solution of this salt (30). 

In the confirmatory test for ruthenium it should be 
noted that enough of the ammoniacal solution of so- 
dium thiosulfate must be added to render the solution 
tested distinctly alkaline. The violet color appears 
when most of the excess of ammonia has been boiled out. 


8] 


Separation and Identification of Bismuth.—Experi- 
ments have shown that when solutions of bismuth 
chloride are treated with sodium bicarbonate until the 
pH of the solution reaches a value of 3, the filtrate 
from the precipitated bismuth salt does not yield bis- 
muth sulfide on saturation with hydrogen sulfide. 
This precipitation of bismuth offers a very good quali- 
tative method for the separation of bismuth from gold, 
palladium, copper, cadmium, platinum, iridium, and 
rhodium. 

Great care must be taken not to allow the neutrali- 
zation of the solution to proceed to pH 4 since at this 
point the precipitation of iridium begins (31). Cresol 
red is used to fix the proper hydrogen ion concentra- 
tion. When the pH of the solution is not allowed to 
exceed 3 the precipitated bismuth salt will be pure 
white, whereas the presence of a small amount of irid- 
ium imparts a distinct brownish color. 


The confirmatory test used for bismuth is of the spot- 
reaction type and is very easily carried out. When care 
is taken to avoid the presence of an excess of acid the 
cinchonine test for bismuth is sensitive to 1 part of the 
metal in 350,000 parts of water (32). 

The Separation and Identification of Gold.—The use 
of sulfur dioxide for the reduction of gold to the metallic 





Filtrate 
Te, Au, Mo, As, Sb, Sn, Hg 
Dilute with an equal volume of water. Pass in SO: for fifteen 
minutes at 90°. Filter. 


Precipitate 
Se 





Filtrate 
Sb, Sn, Hg, As, Mo 

Evaporate nearly to dryness. Dissolve residue in 15 ml. N 
HCl. Filter. Boil filtrate to remove SO.. Make nearly neutral 
with solid NaHCO; and saturate with H.S to precipitate last 
traces of Mo. Filter. Combine the precipitates and digest 
with 10 ml. 12 N HCl for several minutes at 70°. Saturate with 
H,S and then filter. 


Precipitate 
Te, Au 
Treat with 15 ml. 1-1 HNO; 
Filter 





Solution Residue 





Filtrate 
Sb, Sn 


Boil to remove H2S. Reduce with Al. Filter. 





Filtrate Precipitate 
Sn Sb 
The filtrate is allowed to Dissolve in tartaric acid and 
run into 0.1 N HgCl. White HNO;. Dilute, then pass H.S. 
or gray precipitate confirms Sn. Orange precipitate shows Sb. 


Te 


Evaporate to dryness. Dis- 
solve residue in 3 or 4 ml. of N 
NaOH. Heat to 90°. Pass 
in SO2, then add HCI drop by 
drop. Black precipitate is Te. 


Precipitate 


Au 


Dissolve in dilute aqua regia. 
Destroy HNO; by evaporation 
to dryness with HCl. Dissolve 
residue in 10 ml. H,O. Toa 
drop of the solution on filter 
paper add 1 dropof a 0.05 per 
cent. tetramethyldiaminodi- 
phenylmethane solution in ten 
per cent. HOAc. Bright blue 
color confirms Au. 


Hg, As, Mo 


Add 25 ml. three per cent. H»2Os. 
NH,OH drop by drop until alkaline to litmus. 


Heat to boiling and add 
Filter. 





Filtrate 
As, Mo 
Evaporate to volume of 10 
ml. Add an equal volume of 
magnesia mixture. Allow to 
stand for 0.5 hour and then 
filter. 





Filtrate 
Mo 
Acidify with HCl. Add Zn metal and then 5 ml. of N KCNS. 


Red color is Mo. 


Add solution of AgNO). 
As. 





Precipitate 


Residue 
Hg 
Dissolve in HCl and few 
drops of HNO. Destroy 
HNO;. Add SnClh. White 
precipitate becoming gray or 
black is Hg. 





Chocolate color proves presence of 
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state is a satisfactory analytical procedure as is shown 
by its use in the quantitative determination of gold in 
dental gold alloys (33). Attention must be directed 
to the fact that when the total amount of palladium 
in the original solution is as low as 1 milligram, nearly 
all of the metal will be precipitated with gold and must 
be tested for at this point. Gold is quantitatively 
separated from palladium by reduction to the metal 
through the use of hydroquinone (34). Palladium 
is identified in the filtrate in the usual way by pre- 
cipitation with dimethylglyoxime. Removal of any 
excess of hydroquinone is unnecessary. 

The Separation of Cadmium.—lIn the early stages of 
the development of this procedure cadmium persis- 
tently escaped detection. At several points in the 
procedure relatively large amounts of sodium chloride 
were filtered off and discarded. By a process of elimi- 
nation it was concluded that any cadmium compound 
present must have been precipitated with sodium 
chloride. This was found to be the case, for, when the 
precipitated sodium chloride was converted to sulfate, 
cadmium was found to be present. Conversion to the 


sulfate was resorted to in order to insure the destruc- 
tion of any complex anion containing cadmium. Only 
relatively high concentrations of cadmium give a 
precipitate with hydrogen sulfide in concentrated solu- 
tions of sodium chloride. 

The Separation of Copper.—Precipitation of copper as 
cuprous thiocyanate as a means of separating this ele- 


ment from the platinum metals is used in a precise 
quantitative scheme developed for the analysis of den- 
tal gold alloys (35). It will be noted that a 10 molar 
solution of sodium hydroxide is used to neutralize the 
solution in which copper is to be precipitated by am- 
monium thiocyanate. Use of this extremely concen- 
trated solution of sodium hydroxide serves to keep 
down the final volume of the solution from which cop- 
per is to be precipitated. 

Separation of Platinum from Rhodium and Iridium.— 
The present procedure follows very closely the method 
devised by Gilchrist and Wichers (36). Practice will 
be needed by the student in fixing pH values with 
bromcresol purple and cresol red, but the accuracy 
required here is not as important as in the precipita- 
tion of bismuth. 

The Detection of Rhodium.—tIn the procedure used 
by A. A. Noyes (37), ammonium chlororhodite is con- 
verted into chloro-pentammino-rhodium chloride. The 
latter is insoluble in 6 normal hydrochloric acid. Ir- 
idium in quantities up to 2.5 mg. per milliliter remains 
in solution. 


SPECIAL REAGENTS 


Cinchonine-Potassium Todide.—Stir 1 g. of cinchonine 
with the least amount of nitric acid necessary to form a 
viscous mass. Dissolve the latter in 100 ml. of water 
and then add 2 g. of potassium iodide. Allow the 
solution to stand for forty-eight hours and then filter 
off any precipitate that may have formed. The re- 
agent keeps indefinitely. 
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Dimethylphenylbenzylammonium Chloride (38).—Mix 
equimolecular amounts of benzyl chloride and dj. 
methylaniline and allow the mixture to stand at 
ordinary temperatures until a crystalline mass js 
formed. Wash the solid with ether to remove un. 
changed benzyl chloride and dimethylaniline and re. 
crystallize the residue from ninety-five per cent, 
ethanol to obtain colorless crystals melting at 110°, 
The insoluble compound formed with tetravalent 
platinum is presumably [(CHs3)2(CsHs) (CsHsCHz) |ePtCh. 

Sodium Hydrogen Sulfide Reagent.—Saturate a 3 N 
solution of sodium hydroxide with hydrogen sulfide, 
In a liter of this solution dissolve 4 g. of sulfur and 3.5 
g. of sodium hydroxide. Let stand for twenty-four 
hours and then filter. 


PART III 
THE ANALYSIS OF DIVISION B* 


Directions were given in Part I for the separation of 
the sulfides into Divisions A and B by the use of a spe- 
cial sodium hydrogen sulfide reagent. The latter dis- 
solves the sulfides of selenium, tellurium, gold, an- 
timony, tin, arsenic, mercury, and molybdenum. 


OUTLINE OF A PROCEDURE FOR THE ANALYSIS OF DIVISION 
B OF GROUP II 


Solution.—Thio salts of Se, Te, Au, Mo, As, Sb, 
Sn, Hg. Acidify with 6 N HCl. Saturate with HS. 
Filter. Boil precipitate with dilute aqua regia. Di- 
lute with equal volume of water, then filter from S and 
paper pulp. Evaporate filtrate to dryness with HCl. 
Pass SO, for five minutes. Filter. 


DISCUSSION OF THE PROCEDURE 


The Isolation of Selenium.—In 12 N hydrochloric 
acid at ordinary temperatures selenium is precipitated 
by sulfur dioxide with no contamination by tellurium 
(39) or gold. 

Separation and Identification of Gold and Tellurium.— 
Both of these elements are completely precipitated by 
sulfur dioxide from 6 N hydrochloric acid at a tempera- 
ture of 90°. Tellurium is readily soluble in 1-1 nitric 
acid while gold remains undissolved. The latter is 
readily identified by the oxidizing action of auric ion 
on tetramethyldiaminodiphenylmethane. This test is 
specific for gold, since at this point in the procedure 
none of the ions of the other elements in the sub-group 
give a color reaction with the reagent. 

Separation of Antimony and Tin from Arsenic, Mer- 
cury, and Molybdenum.—The solubility of the sulfides 
of antimony and tin in 12 N hydrochloric acid has 
long been used to separate these elements from arsenic 
and mercury. It was found that molybdic acid was 
also insoluble in the acid, and could thus be separated 
from antimony and tin. 


* Abstracted from theses presented to the University of 
Minnesota by H. H. Barber and J. L. Maynard. 
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SUMMARY 


A procedure has been prepared for the qualitative 
separation and identification of the metals found in 
Group II. Germanium alone has been omitted be- 
cause of its extreme rareness. The metals included 
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in the scheme are selenium, tellurium, gold, antimony, 
tin, arsenic, mercury, molybdenum, osmium, ruthe- 
nium, rhodium, iridium, platinum, palladium, copper, 
cadmium, bismuth, and lead. The procedure has been 
designed to handle not less than one or more than 
fifty milligrams of each element. 
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dA MODEL of a MODERN WATER 
FILTRATION PLANT as a PROJECT 
in HIGH-SCHOOL CHEMISTRY 


WILLIAM MAYROSE 


Senior High School, Muskegon, Michigan 


A display model of a modern water filtration plant was 
built by a group of high-school chemistry students. The 
blueprints used in the construction of the actual plant 
were used in building the model, the scale being reduced 
such that one-fourth of an inch of the model equaled 
twelve inches of the actual plant. Sections of the model 


were covered with glass so that the inside of these sections 
could be studied. The pipe lines were represented by 
iron pipe, one-eighth of an inch in diameter, each line being 
painted a different color. The entire model was labeled 
at the appropriate places with typewritten labels describing 
the size of the real structure and the function of that part. 
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HE construction of a model of a modern water 
“Ac aieation plant was undertaken for two reasons: 

(1) the writer has felt for some time that models 
such as this would be ideal for the teaching of high- 
school chemistry, and (2) the project would stimulate 
the interest of three boys in the class in woodworking. 
In addition to these three boys all students who 
volunteered were given some kind of work to do on the 
project. 

To obtain plans for the model a set of blueprints of 
the actual plant were obtained through the coéperation 
of the high-school principal. These were carefully 
sttrdied and a simple general outline of the entire plant 
was made (Figure 1). While studying the blueprints 
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At the next meeting it was decided to make the model 
of such size that one-fourth of an inch of the mode 
would equal twelve inches of the actual plant. It was 
also decided to construct the framework of the plant, 
then to decide how many details would be included. 

Accordingly, two boxes, 38°/, inches by 7 inches by 
2 */s inches, were made to contain the filters, one box 
471/, inches by 15 inches by 4°*/, inches to be two 
filtered water reservoirs, and one box 41 inches by 8 
inches by 4°/, inches to be one settling basin* were 
made. The head house, a two-story building con. 
taining the office, chlorinators, laboratory, and sg 
forth, was made 20 inches by 15 inches by 12 inches, 
The work on the model was divided into three parts, 
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FIGURE 1.—FLOOR PLAN OF FILTRATION PLANT SHOWING PIPE LINES 


a number of questions were raised and noted concern- 
ing the details of the plant. Then the small group, 
who had volunteered, visited the plant and an inspec- 
tion trip was made under the guidance of the chemist. 
Answers to the questions raised while studying the 
plans were obtained at this time. During this trip the 
group was fortunate in being able to go into one of the 
underground settling basins, thus being able to inspect 
the construction of this basin and the mechanism 
within. 








| 


Intake 








the head house, the filters, and the basins. A student 
was made chairman and placed in charge of the con- 
struction of each part. The other students who 
volunteered were assigned to help these chairmen. 
Journalism students in the class prepared accounts of 
the work for the school paper and also for the local 
daily newspaper. 

* The width of the basin and the reservoirs was not made to 


scale, since as much detail could be shown in a smaller size and 
also to keep the model from being too large. 
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Water for the city of Muskegon flows directly from 
Lake Michigan to a series of low lift pumps from where 
it is pumped to the head house. Here lime, alum, and 
charcoal are added through automatic dry feed ma- 
chines. The water then goes to the rapid mixing 
chambers, two tanks nine and one-half feet square and 
nineteen feet deep. Apparatus to represent the dry 
feed machines was installed at the proper place in the 
head house part of the model, as were structures to 
represent the mixing chambers. In addition to these, 
a room for the office with a desk and chair, one for the 
chemical laboratory with a chemistry table, and one for 
the chlorine room with its chlorinator were included. 





= 











FiGURE 2.—GENERAL VIEW OF THE ENTIRE MODEL OF THE 
FILTRATION PLANT 


These were on the first floor. The second floor is 
used for the storage of chemicals. The dry feed 
machines are filled from hoppers on this floor. In 
the model this floor was made of plate glass so that the 
arrangement of the first floor could be more easily 
seen. Samples of lime, alum, and charcoal were dis- 
played here. No roof was placed on the head house and 
one side was left out so that the structures inside could 
be more easily inspected. 

The water is retained in the rapid mixing chambers 
for three and one-half minutes after which it is sent to 
the settling or coagulation basins. The model shows 
by the use of iron pipe one-eighth of an inch in di- 
ameter, the lines carrying water from the mixing cham- 
bers to the coagulation basins. 

These coagulation basins are huge underground 
tanks, one hundred sixty-four feet long, fifty-four feet 
wide, and nineteen feet deep. There are two such 
basins in this particular plant. Each basin is equipped 
with perpendicular baffles at each end which extend 
from ceiling to floor, and at the incoming end there are 
two sets of flocculators which aid in mixing and settling 
of the suspended matter. There are two vertical 
baffles between the flocculators extending to within seven 
feet of the floor. For the model the baffles were made 
of strips of balsam glued together. The flocculators 
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are huge paddle wheels and were made by gluing pieces 
of balsam in the form of a rectangle two inches by 
three inches with wire running diagonally for the cross 
pieces. A piece of plate glass covers eight inches of 
each end of the coagulation basin, to permit inspection 
of these structures, the remainder of the basin being 
covered with three-ply veneer. In the actual plant 
these basins are equipped with manholes for observing 
conditions inside the basins and with valves and out- 
lets for cleaning. These were not shown in the model. 
From these basins the water flows to the filters. 

There are six filters, three on either side of an operat- 
ing floor twenty feet wide. Each filter is 49 feet by 
28 feet by 91/2 feet deep. Water is filtered through 


FIGURE 3.—THE INCOMING END OF SETTLING BASIN SHOWING 
Pree Lines LEADING FROM THE RAPID MIxING CHAMBERS 


four feet of sand and gravel. The flow of water through 
each filter, its cleaning, and so forth, is controlled from 
operating tables located on the operating floor. These 
operating tables were made of blocks of wood, painted 
to illustrate the instruments and charts. To show the 
line carrying the settled water to the filters one-eighth 
inch iron pipe was used. This led into a piece of 
grooved wood, painted gray, to represent a concrete 
conduit which lies under the center of the operating 
floor. From this conduit the water is carried to con- 
duits dividing each filter in half and then to troughs 
running from this central structure to either end of the 
filter. Water overflows these troughs filling the filter. 
These troughs were shown by grooved wood made to 
scale. Sand was placed in the bottom of the filters. 
One-half of the operating floor was made of glass so 
that the central conduit, its branches, and the pipes in 
the basement could be seen. These included pipes 
that carried the water back through the filters for 
cleaning, lines for the removal of this wash water, and 
also the lines carrying the filtered water from the 
filters. Throughout one-eighth inch pipe was used. 
The line leading to the filtered water reservoirs was 
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not shown, since this was under the basement floor and 
could not have been seen. However, this line divides 
so that water may enter either half of the filtered water 
reservoir. Just before the water enters the reservoir a 
water solution of chlorine is added. As previously 
stated, the chlorine apparatus was shown in the model. 
The filtered water reservoir is a basin 138 feet by 190 
feet by 19 feet deep, and is divided into two equal parts. 
About ten inches of one end of this basin was covered 
with glass so that the inside could be inspected. On the 
inside, concrete pillars supporting the roof and a series 
of concrete arches supporting one wall of the filter 
building were shown. For pillars three-eighths inch 
doweling was used, capped by a cone-shaped structure 
which was turned out on the lathe. The floor has an 
uneven structure to aid in drainage. To show this, 
square blocks of wood were beveled on the four sides and 
fastened under each pillar, after which the entire floor 
was covered with putty. The inside of the basin was 
painted gray to resemble concrete. 
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Water is removed from these reservoirs through typ 
twenty-inch pipes near the bottom of each half. These 
connect with a thirty-six-inch line which carries the 
water to the high pressure pumps ‘in the pumping 
station from where it is pumped to the city. 

Typewritten labels, pointing out important parts, 
giving sizes of the actual plant, and explaining what 
takes place at each point were glued at the prope 
places on the model. The entire structure was painted 
in colors, in so far as possible, to match the color scheme 
of the actual plant. One exception to this was in 
painting the pipe lines. Each was painted a different 
color so that an observer might more easily trace the 
flow of water through the plant. 

We are now building a similar model of the city’s 
new sewage treatment plant, completed and placed in 
operation last spring. It is planned to use both of 
these models in the study of a unit in which the water 
supply and sewage treatment of a city are studied in 
detail. 





The GROWING of ROCHELLE SALT 


CRYSTALS jor RADIO EXPERIMENTS 


CHARLES W. CLIFFORD 


Canoga Park High School, Canoga Park, California 


HIS project was selected on account of personal 

interest in the radio field and the desire to ex- 

perience the satisfaction of building some of one’s 
own equipment. The intention was to construct a 
microphone by utilizing the piezo-electric properties 
of rochelle salt crystals. Work was started in Decem- 
ber, 1935, and the study continued through several 
months’ spare time. Although the project was not 
entirely completed, it is reported here in the belief 
that the results may be of use to others. 

The problem resolved itself into two parts: first, the 
production of satisfactory rochelle salt crystals of suit- 
able size, shape, and other characteristics; and second, 
the selection, removal, grinding, and mounting of cer- 
tain sections of these crystals. This report deals prin- 
cipally with the first part; some references are given 
for the second. 

A partial search of the literature was made. Nichol- 
son! mentions crystals of various compounds (both in- 


1 NicHoison, Electrical Experimenter, 7, 762-4 (Dec., 1919). 


organic and organic) that exhibit piezo-electric proper- 
ties; he gives directions for producing rochelle salt 
seed crystals, then the larger ones, then desiccating 
with alcohol to increase strength and piezo-electric 
properties, finally mounting and investigating the ef- 
fects of compression and torque. The large crystals 
are obtained by allowing the temperature of a seeded 
warm solution to fall naturally to that of the surround- 
ings, and are rapidly formed. Some interesting ex- 
periments are outlined. 

Another reference? states that above 40° a saturated 
solution of potassium sodium tartrate deposits crystals 
of rochelle salt and sodium tartrate, while above 55° a 
mixture of potassium and sodium tartrates appears. 

Ishimoto* employed solutions saturated at 30° and 
32°, and produced 6- to 7-cm. crystals in two or more 
weeks by cooling at the rate of 0.2° to 0.4° per day 


2 THorPE, “Dictionary of Applied Chemistry,” Longmans, 
Green and Co., New York City, Vol. VI, 689 (1927). 

3Isnmmoto, Proc. Phys. Math. Soc. Japan, [3], 2, 81 (1920) 
(through Chem. Abst., 14, 2746 (1920)). 
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using a toluene thermostat. He sealed the solutions 
almost airtight to prevent appreciable evaporation. 
Other references having less direct bearing on the prob- 
lem are omitted from this report. 


EXPERIMENTAL WORK 


Rochelle salt of U.S.P. quality, from two sources, was care- 
fully recrystallized and used for these experiments. 

The two common procedures of slowly lowering the tempera- 
ture, and slowly evaporating the solvent were considered. 
Neither a constant-temperature bath nor a thoroughly insulated 
room was available. Preliminary tests indicated the extreme 
solubility of potassium sodium tartrate in water, and difficulty 
in securing stable conditions for crystallization. It was evi- 
dent that some kind of control was necessary to avoid super- 
saturation and subsequent rapid growth of many small crystals. 
Solvents made by mixing water with one of several organic 
liquids such as glycerin, glacial acetic acid, and acetone gave 
unpromising results of various types. 

Nicholson’s method of adjusting the specific gravity of the solu- 
tion to 1.33 at 50°, followed by seeding at 38° over mercury and 
allowing to cool to the surrounding temperature, gave coarse- 
appearing, rather symmetrical crystals. Some of these cracked 
easily and did not appear promising for this study, although 
perhaps excellent for some purposes. It seemed that to produce 
slowly-grown, clear crystals the temperature must fall very 
slowly. 

Results with both the seed crystals and the large ones tended 
to vary greatly. It was found that by adding just enough mixed 
alkali (a solution containing 4.5 per cent. KOH and 3.5 per cent. 
NaOH) to make the rochelle salt solution turn red litmus paper 
blue, satisfactory and consistent crystallization was obtained. 
No more accurate method for adjustment of hydrogen-ion 
concentration was at hand. No attempt was made to ascertain 
whether acidic material was present in either of the u.s.P. ma- 
terials or in the recrystallized products. These crystals so 
formed gave solutions apparently neutral to litmus paper. 
Five times the minimum amount of alkali produced no change in 
the stable crystallization conditions. 

The procedure finally developed made use principally of slow 
cooling, with a little evaporation of solvent, to produce both seed 
and large crystals. The slow cooling was controlled by having 
the container (beaker) in a calorimeter in a closed wooden cabinet 
or in an insulated crystallizing box, in a closed and somewhat in- 
sulated photographic darkroom located in a concrete building. 
A maximum-minimum thermometer beside the calorimeters 
showed that temperature variations were small. Factors seem- 
ing to influence start and growth of crystals included specific 
gravity of solution, room temperature, rate of cooling, rate of 
evaporation (which in turn depends partly upon coverage, ratio 
of surface to volume, and relative humidity of air in room), 
and dust present in the air. 


SEED CRYSTALS 


The best seed crystals were grown by making a concentrated 
solution of the recrystallized salt, filtering hot, taking about 50 
ml. in a 250-ml. beaker in a calorimeter, adding one or two drops 
of the KOH-NaOH solution, covering with a watch glass sup- 
ported on two glass triangles, allowing to stand at room tempera- 
ture (20°) until first signs of crystals appeared, reducing evapo- 
ration rate by removing first one of the triangles, then the second, 
finally inverting the watchglass, and removing the crystals at 
suitable stages by means of a horn spoon (glass rods seemed to 
start new crystals by vibration on beaker). 


LARGE CRYSTALS FROM SEEDS 


The large crystals grown from seeds were produced best by 
taking some pure mercury in a clean 250-ml. beaker, adding 200 
ml. of a filtered concentrated solution of the recrystallized salt, 
then adding four drops of the KOH-NaOH solution, warming and 
adjusting with distilled water to a specific gravity of 1.280 at 
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50°, covering with a watchglass, and allowing to air-cool on an 
asbestos mat to 33°. (It was necessary to transfer the rochelle 
salt solution to a tall, narrow cylinder in order to use an ac- 
curate hydrometer and adjust the specific gravity at 50°, but 
permanent crystallization did not start if the beaker was promptly 
covered.) The covered beaker was then transferred to the 
calorimeter, the thermometer left in, and when the temperature 
had dropped to the 28° to 25° range a selected seed crystal was 
introduced, the thermometer carefully withdrawn, and the ex- 
periment set aside in the cabinet or crystallizing box. A large 
seed crystal was used with the 28° temperature and a small one 
(one-sixteenth inch) with the 25°. The experiment was then ob- 
served, and reworked if the seed dissolved or if new ones formed. 
After forty-eight to seventy-two hours a large, perfectly clear 
crystal, unsymmetrical from end view, was ready in each beaker. 


LARGE SELF-SEEDED CRYSTALS 


In some crystals produced by the seeding method, evidences of ° 
stress were apparent and a few cracked with little encourage- 
ment. To avoid this, ‘spontaneous’ or “‘self-seeded” crystals 
were grown slowly as follows: 200 ml. of the filtered concen- 
trated solution was introduced on top of the mercury in the 250- 
ml. beaker, four drops of the KOH-NaOH solution added, the 
mixture covered with a watch glass, warmed to 55° to insure 
absence of crystals, the specific gravity adjusted to 1.290 at 
50°, and the covered beaker containing the mixture placed in 
the calorimeter on the table, leaving the thermometer projecting 
out from the beaker lip. When the temperature was down to 40° 
the watch glass was removed until first signs of crystals appeared, 
and then replaced. The calorimeter with the covered beaker 
was next placed in the cabinet or in the crystallizing box (room 
temperature was 20°, relative humidity sixty per cent.), and 
after standing sixteen to seventy-two hours large crystals were 
ready to be removed and blotted. In some cases successive crops 
were removed by this procedure; the specific gravity dropped 
about 0.03 when a crystal or crop had separated. 

From observations it appeared that with these procedures a 
general adaptation over ordinary conditions would be: for each 
1° increase in room temperature (20° standard) and each 50 ml. 
decrease in solution volume (200 ml. standard), the specific 
gravity at 50° should be increased by 0.004 and the seeding 
temperature increased by 1°. Larger crystals might have been 
obtained by starting with larger volumes in larger calorimeters, 
and further experiments would have been in this direction. 

“‘Dessication”’ of these large crystals by means of ethyl alcohol, 
acetone and methyl alcohol rendered them whitish on the ex- 
terior but clear and tougher on the inside. Some descriptions of 
crystal types, methods of cutting sections with reference to the 
axes, treatment, and mounting in microphones are covered in 
various references.‘~® 


SUMMARY 


Methods are outlined for producing both rapidly- 
grown and slowly-grown rochelle salt crystals. The 
crystals of the latter type were mostly from 3 to 4.5 cm. 
in length, and those kept more than two years show no 
change. By controlling the speed of growth it was 
found possible to secure intermediate types of these 
crystals. 

These procedures offer a fascinating opportunity 
for studying the influence of growth rate on shape and 
clearness of crystals. References are also given so that 
one may investigate the piezo-electric properties of 
rochelle salt and other crystals. 


4 Scott, C. B., Radio News, 14, 214 (Oct., 1932). 

5 Sax., I. R., 2bid., 15, 16 (July, 1933). 

6 ANoN., Popular Science Monthly, 123, 57 (Oct., 1933). 
7 McGown, D. B., Radio, 16, 16 (Sept., 1934). 

8 ANoN., Popular Science Monthly, 127, 56 (Dec., 1935). 








ADSORPTION ANALYSIS: TSWETT’S 
CHROMATOGRAPHIC METHOD 


HAROLD G. CASSIDY 


Yale University, New Haven, Connecticut 


Mixtures of organic substances which do not readily 
yield to ordinary treatments may often be separated by 
means of chromatographic adsorption. In this process 
* advantage is taken of the differences in adsorptive be- 
havior of the several components of the mixture. This 


+ + 


HISTORICAL REVIEW 


HE method of chromatographic adsorption was 

devised by the Russian botanist, M. Tswett, in 

the early nineteen hundreds. It is interesting 
to see how he came to the discovery. He had been 
studying methods of isolating plant leaf pigments such 
as chlorophyll and carotene. In the course of this 
study he found that chlorophylll was readily adsorbed 
from petroleum ether solution by all solid substances 
which were themselves insoluble in the petroleum ether, 
provided that the adsorbents were used in a sufficiently 
finely pulverized form (to obtain a large surface area). 
He tried out over a hundred substances. Among these 
were elements, such as sulfur, silicon, zinc; oxides; 
hydroxides; chlorides; oxygen-containing salts, such 
as chlorates, phosphates, carbonates; organic acids, 
as tartaric, citric, and picric acids; oxalates; acetates; 
amides; higher alcohols and carbohydrates; protein 
materials; aniline dyes, and so forth. Some of these 
substances adsorbed not only the green chlorophyll but 
also the yellow carotenoid pigments which were present 
in the solutions. Solids such as MnO, or U;0x3 ad- 
sorbed and destroyed the pigments. 

In the course of this study Tswett found that an ad- 
sorbed substance could be replaced on the adsorbent by 
a more strongly adsorbed substance. Thus for a given 
adsorbent he could arrange an adsorption series of 
more strongly and less strongly adsorbed substances. 
It was on this idea, he said (1), that his method of 
chromatographic adsorption was based. 

He found that when a solution of mixed plant pigments 
in petroleum ether was allowed to percolate down 
through a column of an adsorbent (see Figure 1), the 
pigments were adsorbed from the solution in different 
colored zones, the more strongly adsorbed ones being 
held at the top, the less strongly adsorbed being 
displaced downward. This resulted in an “adsorption 
ranking” of all the substances in the mixture. The 
separation, he found, could be made more complete by 
following the pigment mixture with a stream of pure 
solvent. 
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article reviews the history of the method and its theory, 
Working details for carrying out the analysis are given 
and criteria to aid in the choice of adsorbents and solvents 
are discussed. A few examples of the application of the 
method are given. Its limitations are pointed out. 


++ + + 


To show the remarkable separation achieved by his 
method Tswett drew the following pleasing analogy. 
He said that in the adsorption tube the different com- 
ponents of a pigment mixture are regularly separated 
from each other, much as are the light rays in a spec. 
trum, and may thereby be qualitatively and even 
quantitatively determined. 


After having completely separated the zones by pass- 
ing fresh solvent through the column, a process which is 
known as “developing the chromatogram,”’ the column 
of adsorbent and adsorbed substance* could be pushed 
out of the tube and cut up with a knife or spatula. 
Then the separate pigments could be washed from the 
respective portions of the column. Tswett called this 
whole process the chromatographic method and the 
column containing its zones a chromatogram. The 
chromatogram is also known as the Tswett column. 
Tswett recognized that not only colored substances, 
but colorless, too, could be handled by his technic. 

Tswett’s earlier work on this method (1, 2) was pub- 
lished in the proceedings of the German Botanical 
Society of 1906. In 1910 he published, in Russian, a 
comprehensive work on pigments of the plant and ani- 
mal world in which he is said (3) to have discussed the 
usefulness of his method more fully. In the next 
twenty years the Tswett method lay practically un- 
known, partly perhaps because, though of great in- 
terest to chemists, it appeared in a botanical journal 
and in a Russian treatise. There are some scattered 
evidences of use of the method during this period. 
Palmer (4) worked with it and mentioned it very favor- 
ably in his monograph on the carotenoids. By and 
large, however, this important tool lay disused for two 
decades. 

The present increasing use of the method dates from 
about 1931 when Kuhn (5) and his co-workers used it 
in preparative studies on the carotenoids and through 
its agency were able to separate the isomeric carotenes. 
It might be mentioned that Tswett envisioned the use- 





* The adsorbent with adsorbed material is usually named at 
adsorbate. 
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fulness of the chromatographic method in many of the 
diverse fields where today it finds employment and he 
had great confidence in its efficacy as a tool. 


COMPARISON OF ORDINARY ADSORPTION WITH TSWETT’S 
METHOD 


Zechmeister and Cholnoky (3) have drawn a graphi- 
cal comparison which clearly shows the relation be- 
tween ordinary adsorption and Tswett’s method and 
which points the difference between the two: 


Method Separate Phases Obtainable 


Total adsorbate 
Shaking with the 
adsorbent yess Unadsorbed material (filtered 


off in solvent) 


- Component with strongest 
adsorption affinity 


Component with second 
F strongest adsorption affinity 
Tswett’s chromatographic 


meth Component with third strong- 


est adsorption affinity, and so 
forth 


Unadsorbed component, pass- 
ing through the column: 
filtrate 


It can readily be seen from this diagram that Tswett’s 
method is superior to the other method when fine sepa- 
rations are desired. 


THEORY 


The chromatographic method separates the sub- 
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stances in a solution on the basis of their different sur- 
face or interfacial activities. According to the Gibbs 
Adsorption Law any substance that lowers surface ten- 
sion or interfacial tension will concentrate at interfaces. 
If a number of substances are compared with respect 
to their surface activities in one solvent and toward one 
type of interface, then these substances may be ranked, 
say, in descending order of their interfacial activities, 
or, if the interface is liquid-solid, of their adsorbabilities. 
This is exactly what happens in the Tswett column. 
The substances in a common solvent are separated by 
their different affinities for a single adsorbent. It 
should be pointed out that adsorption affinities are 
greatly influenced by changes in solvent, by the 
presence of other adsorbable substances, and by the 
nature and state of subdivision of the adsorbent. 
These effects will be discussed later. 

Consider what happens when a solution of mixed 
pigments is poured into the tube (refer to Figure 1). 
The solution cannot come into contact with all the ad- 
sorbent at once, only with the top layer. Nor can the 
adsorbent-solution interface draw from all the solution 
but only from the narrow lower region within its im- 
mediate vicinity. The adsorbent then “withdraws” 
by adsorption to the surface of its particles a mixture 
of pigments, perhaps with the more easily adsorbed 
ones predominating. 

As the solution percolates downward a dynamic 
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process goes on in the upper layers of the tube. Where 
less tenaciously adsorbed substances had been retained 
in the first rush of adsorption these are now displaced 
by more strongly adsorbed substances brought by the 
flowing liquid. The displaced materials wander down 
in the solvent stream to lower regions, to fresh ad- 
sorbent, where they are again held, only to be again 
displaced until all the most surface-active material is 
fixed. The next most active substance then is fixed 
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FIGURE 1.—PorTION OF TUBE SHOWING COLUMN oF ADSOR- 
BENT A, WITH CHROMATOGRAM, B BEFORE, AND C AFTER 
DEVELOPMENT. ARROWS INDICATE SPREADING OF ZONES 
DuRING DEVELOPMENT 


in its turn, displacing its less well adsorbed com- 
panions until in this way a series of zones is formed. 
These zones are the result of the previously mentioned 
adsorption-ranking of the components of the solution. 
This adsorption-ranking is probably not fully complete 
at this stage. Each zone probably contains some of 
the other components. 

The chromatogram is now “developed” with fresh 
solvent. This development completes and clarifies 
the adsorption-ranking. As pure solvent is passed 
through the tube the dynamic processes at the surfaces 
of the granules continue, with the following results: 
in the system solution-adsorbate there is a partition of 
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dissolved substances between the solution and the ad- 
sorbing surface. This partition obeys an equilibrium 
law. Also adsorption is relatively greater the more 
dilute the solution. As the solvent passes over a zone 
of adsorbed substance it picks up some of the sub- 
stance to the extent permitted by the equilibrium. 
This it retains as long as the surface over which it 
passes is in equilibrium with it. However, as soon as 
the solution comes to a region ‘“‘undersaturated’”’ with 
respect to the substance, adsorption begins and the 
solute is finally completely fixed on the adsorbent in a 
series of more and more dilute layers. The pigment 
content of the “developer” solvent has, as Tswett put 
it, started at zero (pure solvent poured in), risen to a 
limiting value in the passage through the zones and 
finally fallen to zero as the substance was successively 
removed. 

This process reoccurs all along the adsorption tube. 
“Each unit of volume of the wash liquid fractionally 
washes out the pigment and transports it to a lower- 
lying region of the column. The integral of all the par- 
tial processes sums up to a slow downward wandering 
of all the pigment components” (3). In general the 
more weakly adsorbed substances move downward 
more quickly, and the chromatogram is seen to expand, 
the zones separating and becoming more sharply de- 
lineated. 

When a sufficient degree of separation has been 
achieved the development is stopped. At this point 
the zones are clearly distinguishable. 

There is no well elaborated theory which predicts 
the behavior of an adsorbent toward different sub- 
stances in different solvents. There are, however, a 
few general rules which are applicable (6). Among 
these may be mentioned that adsorption is generally 
greater from liquids of higher surface tension than from 
those of lower surface tension. Substances are usually 
adsorbed better from solutions in which they are less 
soluble, provided the liquids being compared are them- 
selves about equally adsorbed. Also adsorption is 
greater from liquids which are themselves least ad- 
sorbed granting that their solvent powers for the dis- 
solved substance are about the same. A useful gen- 
eralization is the Traube Rule which states that within 
limits adsorption (from water) increases regularly as 
one ascends in an homologous series, such as the fatty 
acids. The reverse of this rule holds for adsorption 
from liquid hydrocarbons, such as toluene. 

One should note that the same adsorbent and sol- 
vent will always yield the zones in the same order. 
However, the place taken on the column will depend on 
the nature of the other substances present and their 
relative amounts. 

Much of the work done with Tswett columns is still 
perforce of an empirical nature. 


MATERIALS AND METHODS 


For chromatographic adsorption one does not want 
an adsorbent which is too efficient. One wants an 
adsorbent which will retain the required substances yet 
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have equilibrium relations with the solvent such tha 
efficient development of the chromatogram is possible 
The adsorbent must, of course, be insoluble in the 
solvent. 

Substances differ markedly in their adsorption fy. 
havior, and with a given substance the adsorptive 
power can be changed within rather wide limits by 
treatments such as drying or changing the particle size 
In general the smaller the particle size (and heng ff 
the greater the surface area per unit of weight) the 
greater will be the adsorptive power of the adsorbent, 
A powder which is too coarse yields an indistinct chro. 
matogram. 

The most commonly used adsorbents are aluminum 
oxide, which may be used in watery or organic sol- 
vents, calcium oxide, hydroxide or carbonate, and mag. 
nesium oxide. Many other substances such as gypsum, 
silica gels, carbon, anhydrous sodium sulfate, talcums, 
fuller’s earth, sugars of various kinds are used for spe. 
cial purposes. 

Mixtures of adsorbents have been found useful in 
many cases. They may either be mixed homogene. 
ously, the weaker “‘diluting’”’ the stronger, or they may 
be placed one above the other in the tube, the weaker 
being above the stronger. 

The most generally used solvents are water and pe- 
troleum ether. Water is used, for example, with water- 
soluble dyes. Its high surface tension probably is 
responsible for aiding adsorption from it. Petroleum 
ether or light petroleum is the most commonly used of 
the organic solvents. Carbon disulfide or benzene have 
also been employed with much success as solvents. 

The column of adsorbent is prepared in the following 
manner. A glass tube of suitable size, depending on 
the amount of substance to be chromatographed, is 
closed at the bottom with a perforated disc (Gooch or 
other disc), or fitted with a ground connection, or 
closed with a perforated cork, and so forth (Figures 1 
and 2). Above the disc or constricted portion is 
placed a mat of cotton or glass wool of sufficient thick- 
ness to retain the adsorbent. 

The adsorbent is poured into the tube in small 
amounts, each addition being carefully tamped down 
with a glass or wooden rod, with a flattened end almost 
as wide as the tube itself. It is most important that 
the adsorbent be packed as homogeneously as possibie. 
The regularity of the zones in the chromatogram de- 
pends to a considerable extent on this careful filling of 
the tube. It is a good idea to place a thin layer of 
cotton at the top of the column so that when liquid is 
poured into the tube the adsorbent is not stirred up. 

A suitable height for the column is best determined 
by trial. Great length prolongs the filtration, but with 
too short a column it may happen that only one pig- 
ment is retained, a single colored zone going throughout 
the column. After the column has been built up, the 
tube is mounted on a suction flask and mild suction 
is applied while the outside of the tube is gently tapped 
along the length of the column. This causes further 
settling of the adsorbent. Pure solvent is now poured 
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into the tube while the suction pump is still running and 
is allowed to wet the column. If the column is well 
packed the front edge of the solvent will advance down 
the column in a regular ring. 

Some workers prefer to suspend the adsorbent in a 
little of the pure solvent. The suspension is poured 
into the tube, under suction, whereupon a well packed 
column free from gas bubbles is usually obtained. As 
an alternative method, the tube may be partly filled 
with solvent and the adsorbent sifted in so that it 
settles to form an homogeneously packed column. 

After the column has been wet down with the solvent 
it is ready for use. It is important now not to allow 
the top of the column to become dried. The level of 
solvent or solution must not be permitted to fall below 
the top of the adsorbent for this will cause channeling 
or the development of air bubbles and cracks in the 
column which may prevent satisfactory zone formation. 

The test solution is poured onto the column and 
sucked down until it has almost disappeared into the 
column. The pure solvent is then drawn through until 
the column is sufficiently developed. At the end of 
the development the solvent is sucked through the 
column so that the cylinder of adsorbent is partially 
dried. When the column is pushed out of the tube it 
should retain its shape. If it is too dry it crumbles 
and is very hard to separate into zones. Of course 
it should not be too wet. It is convenient to have a 
glass or porcelain plate on which to extrude the column. 

If the substances being separated on the column are 
colored, it is relatively easy to know where the zones 
begin and end, and hence where to cut. Many in- 
genious methods have been devised to carry the useful- 
ness of the method over to colorless materials. 

There are five or six methods used in working with 
colorless materials. Four of these indicate the region 
of the zones with certainty. Perhaps the most strik- 
ing method .is that devised simultaneously by Karrer 
(7) and Winterstein (8). When working with sub- 
stances which fluoresce in ultra-violet light these 
authors prepare their columns in quartz tubes, or tubes 
of special glass permeable to some ultra-violet. When 
the development is in process it can be followed by ex- 
amining the column under a quartz mercury arc lamp 
with a suitable filter to remove all except the ultra- 
violet radiation, for the different zones fluoresce 
brightly, often with different colors. When the col- 
umn is extruded it is placed under the ultra-violet 
lamp. The fluorescence of the different zones is an 
excellent guide to sectioning. 

Another method involves addition to the tube of a 
dye whose position on the column relative to that of 
the unknown substance has been sufficiently well de- 
termined. Brockmann (9) was aided in his isolation 
of one of the vitamins D by the use of an indicator 
which was adsorbed on his columns to the same extent 
as the vitamin was. 

The zones may be made visible by means of a color 
reaction. For example, the extruded column may be 
Streaked with a brush bearing the test reagent. At 
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the region of zone formation the color reaction will ap- 
pear. Zechmeister (10) and others have used this very 
effectively. 

Strain (11) devised still another way out of the dif- 
ficulty. He changed his colorless compounds into 
brightly colored products before separation. He was 
working with colorless carbonyl compounds and by 
converting these into 2,4-dinitrophenylhydrazones he 
obtained brightly colored compounds which would form 
readily visible zones on the column. 

If the substance being studied is colorless, will not 
fluoresce, does not yield to the use of an indicator, 
gives no color reactions, and is not readily changed to a 
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FIGURE 2.—TYPES OF SUPPORT FOR TSWETT COL- 
uMNS. A SAME AS IN FiGuRE 1, But WITH WIRE 
GauZE INSTEAD OF PORCELAIN Disk; B SAME TYPE 
AS A But WITH STANDARD TAPER JOINT TO Fit A 
STANDARD TAPER SUCTION FLASK; C TUBE CLOSED 
With A PERFORATED CORK 


colored derivative, there are yet one or two expedients 
remaining. The column may be prepared and de- 
veloped empirically, then cut up arbitrarily into differ- 
ent parts. Each section may then be eluted and the 
eluent solutions examined for differences in content. 
This is the empirical method, and on the face of it one 
can see that it should be avoided whenever possible. 
Actual trial of the method lends point to this conclusion. 
A rather tedious method employs the ‘flowing chroma- 
togram.” Here the column is continually washed with 
fresh solvent until the zones from the lowest up in turn 
are successively washed through the column. The 
percolate is examined from time to time as it comes 
through and is “‘cut’’ each time it changes in properties. 
This type of chromatogram is usually necessary when 
the column is of carbon, say, on which colors cannot 
easily be observed. It has the disadvantage that it 
requires quite a long period of washing, but was 
found very useful by Holmes and his students in work 
on vitamin A (12). 

After the column has been developed and cut into 
separate portions with a spatula the adsorbed sub- 
stance must be removed from its fixed position: it 
must be eluted, or desorbed. The best eluents are 
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usually solvent mixtures containing one or two per 
cent. of ethanol, methanol, or acetone. Thus petroleum 
ether containing one to two per cent. absolute methanol, 
or ether containing methanol are frequently used. 
Perhaps the presence of polar substances such as al- 
cohols in the eluting solvent have the effect of displac- 
ing the adsorbed substance, its position on the ad- 
sorbent being taken by the alcohol. In the water- 
soluble realm dilute alcohol, or water containing pyri- 
dine, or slightly acid or basic watery solutions may give 
best results. Sometimes it is necessary to heat the 
mixture to obtain best elution. Adsorption usually 
decreases with rise in temperature. 


RELATION BETWEEN CHROMATOGRAM AND CONSTITUTION 


In the discussion of theory it was implied that posi- 
tion of adsorption on the column bears a relation to 
molecular constitution (as, for example, in Traube’s 
Rule). There is indeed a very strong relation. It 
has been studied in relatively few cases, however, and 
wide generalizations cannot as yet be made; nor has 
there been a detailed study of how closely related two 
substances may be and yet remain separable by the 
Tswett method. Alpha- and beta-carotene, differing 
only in the position of one double bond which is no 
longer conjugated, are separable on the column. Also 
cis- and trans-bixin have been successfully fractionated. 
On the other hand compounds are known which differ 
in structure to quite an extent, yet are not chroma- 
tographically separable. 

The relation between position on the chromatogram 
and structure can be shown very well by two examples 
which will be given below. This does not exhaust 
the field on which data are available and many other 
examples are brought forward together with discussion 
of the whole matter in Zechmeister and Cholnoky’s excel- 
lent book (3). 

When the following diphenyl polyenes, which have 
the general formula CsH;—(CH=CH),—CgHs, are 
separated on a column they take the positions shown in 
Table 1. 


TABLE 1 


CH=CH—CH=CH—CH=CH—CH= 
CH—C,H; 


More C,H; 
strongly 


adsorbed diphenyl] octatetraene 


C,H;—CH—CH—CH=CH—CH=CH—C,H; 
diphenyl hexatriene 


| 
| 
| 


C.H;—CH—CH—CH=-CH—C,H; 

| diphenyl butadiene 

C;H;—CH=CH—C;,H; 
stilbene 

Less 

strongly 

adsorbed 


C;H;—C.H; 
diphenyl 


Each homolog takes a sharply defined place which may 
be clearly seen under the ultra-violet. The strength of 
adsorption is evidently correlated with the increase in 
number of conjugated double bonds. 
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From a chromatographic point of view the carotep. 
oids, a naturally occurring group of polyene pigments 
constitute one of the best studied series. Indeed, the 
chromatographic method has been the most valuabk 
single tool in the investigation of these important syb. 
stances. 

The following table (Table 2) shows an adsorption 
series among the carotenoids adapted from data cq. 
lected by Winterstein and others. 


TABLE 2 


Formula 
CioH Os 


Groups 
3 —OH 
2 —OH 


Pigment Double Bonds 
Flavoxanthin 
Zeaxanthin CoH 5602 
Lutein CoH 502 
Kryptoxanthin CygH 0 
Rhodoxanthin CyoHs002 


More 
strongly 
adsorbed 


11, conjugated 
2—OH 10, conjugated 
1—OH 11, conjugated 
diketone 12 carbon and? 
carbonyl all 
conjugated 
Physalene CrHn0, 
(Zeaxanthin dipalmitate) 
Lycopene CyoHes 


CuHes 
CoHse 
CioHs 


ester 


11 conjugated,? 
isolated 

11 conjugated, | 
isolated 

11 conjugated, } 
isolated 

10 conjugated, 1 
isolated 


Less 
strongly 
adsorbed {#-carotene 


y-carotene 


a-carotene 


There are a great many more carotenoids which may 
be included in a table such as this. However, it is of 
adequate size to illustrate the following rules which are 
derived by Zechmeister and Cholnoky (3). 

With otherwise analogous molecular structure the ad- 
sorption affinity is stronger and the relative position in 
the tube is higher: 


1. When the number of double bonds is larger (ex- 
ample: lycopene and y-carotene). 

2. When with the same number of double bonds all 
are conjugated (example: §- and a-carotene). 

3. When in the case of identically unsaturated sys- 
tems hydroxyls are present in the molecule (example: 
kryptoxanthin and 6-carotene). 

4, When the number of OH groups increases (ex- 
ample: flavoxanthin and zeaxanthin). 


It is apparent too from the table that when an 
hydroxy] is esterified its activity is almost completely 
nullified. Thus physalene, a dipalmitate of zeaxanthin, 
falls far below zeaxanthin in activity. The position of 
an ester is, of course, influenced to some extent by both 
the acid and alcohol parts of the molecule. 

From the examples given and from a great deal of 
other data it is also derivable that adsorbability and 
light-absorption are correlated. Thus the absorption 
maximum of the carotenoids is displaced toward the 
red end of the spectrum with increase in the number of 
conjugated double bonds, and it is the substance with 
the longest waved absorption band which, other things 
being equal, is adsorbed most strongly: lycopene 548 
my, 6-carotene 521 mu. 

In the case of the aromatic polynuclear compounds 
linear arrangement seems to impose a greater strain 
on the bonds, with concomitant appearance of color, 
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than angular junction, and it is the linearly arranged 
compounds which are better adsorbed: naphthacene 
». 


2a 
ey YY ) (orange-red), over chrysene “\, hea xr 
he \/ 


(colorless) (73). 
Over the range of these correlations there is evidence 


of a conformity to law. However, the law cannot be 
completely stated as yet for it must take into account 
not only the substance adsorbed, but also the solvent 
and the adsorbent, and no complete, unifying generali- 
zation of this sort exists. There lies here a fertile field 
for research. 

FIELD OF APPLICATION 


The chromatographic method has a wide field of use- 
fulness. In the laboratory it may be employed to indi- 
cate whether or not a substance is pure, for in passage 
through a column impurities are often concentrated 
until they are plainly visible. This idea has been 
extended and is used by Kuhn to test the identity of 
two compounds. The compounds are mixed and 
passed into a column. If they yield only one zone 
they are probably identical. This is called a “mixed 
chromatogram” and is analogous to a mixed melting 

int. 
ecw a preparative standpoint the method of chroma- 
tography is also of great service. It may be used to 
concentrate a substance from a large volume of liquid, 
since a large amount of solution may be passed through 
a small tube. 

The method has found its way into several books on 
organic laboratory technic (14, 15). A good discus- 
sion, with experiments, is found in A. A. Morton’s 
book (15). 
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The chromatographic method is amenable to quanti- 
tative handling in its various applications. 

A word or two of warning is necessary with regard to 
chromatographic analysis. As yet it has not been de- 
veloped to the point where it can be used advantage- 
ously in place of the recognized chemical methods where 
these are applicable. But if fractional distillation, 
fractional crystallization, solvent partition, and so forth, 
fail to effect the separation of a mixture, then chroma- 
tography should by all means be tried. However, in 
working with unstable substances it is very important 
to make certain that the processes of adsorption and 
elution have not produced changes in the substance. 
The catalytic effect of surfaces often shows up to a 
marked degree in the column. Thus Gillam and El 
Ridi (16) have been able to change 6- and a-carotenes 
into other carotene forms by this procedure. 


SUMMARY 


A brief review of chromatographic adsorption analy- 
sis has been given. The method lay unused for twenty 
years but is now beginning to be extensively employed. 

The theory of chromatography has been very briefly 
sketched. 

The method of preparing a column has been dis- 
cussed and several hints obtained as to criteria for 
choosing adsorbents and solvents. 

Some correlations have been drawn between ad- 
sorbability and chemical constitution, but it has been 
made evident that a wide and fertile field yet remains 
for investigation here. 

A very few of the applications of the method have 
been mentioned, and warning has been given that un- 
stable substances are subject to alteration during 
chromatography. 
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A SCHEME of QUALITATIVE 
ANALYSIS, INVOLVING the 
USE of ORGANIC REAGENTS’ 


J. T. DOBBINS, E. C. MARKHAM anp H. L. EDWARDS 


University of North Carolina, Chapel Hill, North Carolina 


ANY schemes for the analysis of the metallic 
TAN ctcsanncs have been devised, all of them based 

upon the arrangement of the ions into groups, 
depending upon their behavior with certain group re- 
agents. By far the most frequently used of these 
analytical procedures makes use of gaseous hydrogen 
sulfide as an important group reagent. While this 
method is invaluable as regards the teaching of the 
fundamental chemical principles involved, it, never- 
theless, presents some difficulties in its practical appli- 
cation in the laboratory. The use of hydrogen sulfide 
as a precipitating agent is always fraught with diffi- 
culties, especially in the hands of an inexperienced 
operator. Many laboratories are not equipped with 
suitable hoods, and cases of poisoning by the escaping 
gas are not uncommon. Also, the method, as ordi- 
narily practiced, is time-consuming, and, because of the 
use of a fairly insoluble gas as a precipitating agent, is 
extremely inefficient, much of the gas being lost in the 
process of precipitation. 

In this investigation the authors propose to make 
use of the reactions of certain organic compounds, in a 
new scheme of analysis of the cations. This has been 
done in order to avoid the use of hydrogen sulfide, 
with its attendant objectionable features. Upon 
preliminary investigation concerning the applicability 
of 8-hydroxyquinoline, cupferron, nitroso-8-naphthol, 
and some other organic compounds, pyridine seemed 
to show the greatest promise. This reagent appears 
to be especially suitable on account of four properties 
which it possesses: (1) In aqueous solution, pyridine 
produces a mildly alkaline reaction, basic enough to 
effect the complete precipitation of the very insoluble 
hydroxides of iron, bismuth, lead, antimony, aluminum, 
chromium, and tin, and yet not sufficiently basic to 
precipitate the more soluble hydroxides of copper, 
cobalt, nickel, cadmium, and zinc. Furthermore, it 
is not sufficiently alkaline to dissolve the amphoteric 
hydroxides of lead, aluminum, chromium, antimony, 
and tin; (2) it forms complex ions with certain of the 
other cations; (3) with the thiocyanate ion, these com- 
plex ions form insoluble compounds with the elements 


* Taken in part from a thesis submitted by H. L. Edwards, 
in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy at the University of North Carolina, 
August, 1937. 
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manganese, copper, cobalt, nickel, cadmium, and zinc, 
the structure of which may be represented by the for- 
mula: 


CsHsN—Ni—NC;H; 


| 
NC;Hs 


(CNS)o; 


and, (4) the insoluble complexes thus formed are 
decomposed by ammonia, and are converted into the 
corresponding soluble ammonia complexes. An ex- 
ception occurs in the case of manganese, which is 
oxidized, and precipitates as hydrated managnese di- 
oxide during the treatment with ammonia. This per- 
mits the separation of copper, cobalt, cadmium, nickel, 
and zinc from iron, bismuth, lead, aluminum, chro- 
mium, antimony, tin, and manganese, which have 
been precipitated as the hydroxides by the pyridine- 
thiocyanate reagent. 

In brief, the method employed in the present scheme 
may be outlined as follows: In case the color of the 
original solution indicates the presence of either a chro- 
mate or a permanganate, it is acidified with nitric acid 
and hydrogen peroxide is added to reduce them to 
chromic and manganese ions, respectively. After 
this treatment, Group I, consisting of those metals 
which form: insoluble chlorides, is removed, as in the 
older method, by the addition of hydrochloric acid. 
This method has proved so satisfactory that it has 
seemed neither wise nor desirable to attempt any im- 
provement upon it. After the removal of this group 
the solution is boiled with concentrated nitric acid so 
that arsenic, iron, tin, and antimony may be oxidized 
to their higher valence states. The elements of Group 
II, arsenic and divalent mercury, are identified in small 
portions of this solution. The remainder of the solu- 
tion is then made almost neutral with ammonia, and 
Group III, consisting of iron, bismuth, lead, chromium, 
aluminum, antimony, tin, manganese, copper, cobalt, 
nickel, cadmium, and zinc, is precipitated by the 
pyridine-thiocyanate reagent. From the filtrate from 
Group III, Group IV, which consists of barium, 
strontium, and calcium, is precipitated, as in the older 
scheme, by the addition of ammonium carbonate. The 
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Solution contains all the metals in the form of salts. 
add dilute HCl and filter. 


GENERAL SCHEME OF ANALYSIS 
Acidify with HNO; and add H20O, to reduce (CrOy)~~ and (MnQ,) >. 
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Then 








Precipitate: 


Filtrate: Groups II-V. Add conc. HNO; and heat, to oxidize Ast*+*, Fe*+*, Sb**+*, and Sn**, 








bCh, HgCl : : 
fe FPL. ie To one portion add ammonium 


molybdate. Yellow ppt. indicates 
Aart ere 





Group I 





To remainder of solution add NH,OH until alkaline, then HCI until 
just acid; then add Py-CNS reagent. 











To another portion add SnCh. 
White ppt. turning gray indicates 
Hgt*. 






Group II 











filtrate from Group IV is examined for Group V, which 
consists of magnesium and the alkalies. 

It has been found advantageous in this scheme to 
replace ordinary filtrations by use of the centrifuge, 
whereby the separation of precipitates is effected much 
more rapidly. Most of the procedure can be carried 
out in the same tube, thus avoiding the loss of pre- 
cipitate through transference, as well as loss due to the 
use of filter paper. In the event that a centrifuge is 
not available, all of the procedures outlined in this 
scheme may be readily carried out by ordinary filtra- 
tion methods. 





LABORATORY PROCEDURE 


Section 1. Preparation of the Solution for Analysis —A quantity 
of material is used for the analysis which contains approximately 
50 mg. of each metallic ion present. If the substance is water- 
soluble, it is dissolved in 20 cc. of water; if insoluble, it is dis- 
solved in the appropriate acid, the solution evaporated almost to 
dryness, and the residue redissolved in 20 cc. of water, to which 
asmall amount of nitric acid is added, if necessary. 

If the color of the original solution indicates the presence of 
either chromate or permangnate ions, they are reduced to 
chromium or manganses ions, respectively, by treating the acid 
solution obtained above with 2 cc. of three per cent. hydrogen 
peroxide and boiling for three or four minutes. If the solution is 
colorless, the absence of both chromate and permanganate ions is 
indicated, and the treatment with hydrogen peroxide may be 
omitted. 

Section 2. Theory Underlying the Precipitation and Analysis of 
Group I, the Silver Groupb—The separation and analysis of the 
elements of this group is based upon the following properties: 
(1) The insolubility of their chlorides in water and dilute acids; 
(2) the solubility of lead chloride in hot water; (3) the solubility 
of silver chloride in ammonia; and (4) the conversion of the black 
residue, mercury and Hg(NH2)Cl, into mercuric chloride, by 
aqua regia, and the subsequent identification of mercury by 
treatment with stannous chloride. The procedure for the 
actual separation of this group is so well known that space will 
not be consumed in giving details of the method. 

Section.3. Theory Underlying the Analysis of Group II, the 
Arsenic-Mercury Group—lIn order to oxidize any trivalent 
arsenic which may be present to the arsenate, concentrated 
nitric acid is added and the solution boiled. Any iron, antimony 
and tin present in the solution will be oxidized at the same time 
to their higher states of valence. A portion of the resulting solu- 
tion is treated with ammonium molybdate. The formation of a 
yellow precipitate indicates the presence of either arsenic or a 
phosphate, which may also be present in the solution. This 
yellow precipitate is tested for arsenic. 

Another portion of the solution is tested for divalent mercury 
by the addition of stannous chloride. 





Fe, Bi, Pb, Al, Cr, Sb, 
Sn (hydroxides) 















Filtrate: Groups IV-V 
Make alkaline with NH,OH add 
(NH,4)2CO; and heat. 


Precipitate: 





Cu, Co, Ni, Cd, Zn, Mn Precipitate: Filtrate: 
(Py-CNS complexes) Ba, Sr, Ca, as Contains Mg, Na, 
carbonates. K, NH. 


Group III Group IV Group V 








Laboratory Procedure——To the filtrate, after the removal of 
Group I, are added 2 cc. of concentrated nitric acid, and the 
solution is boiled for two or three minutes. In a test-tube, 5 cc. 
of ammonium molybdate are heated to incipient boiling, 3-4 
drops of the filtrate from Group I are added to this clear solution, 
and the solution is allowed to stand for two or three minutes. A 
brilliant yellow, highly crystalline precipitate indicates the 
presence of either arsenic or a phosphate. The solution is filtered 
and the filtrate is discarded. Over the precipitate on the filter 
paper 4-5 cc. of 6 N ammonium hydroxide are poured, and the 
filtrate is caught in a test-tube. To this tube are transferred, 
without allowing the two solutions to mix, 3-4 cc. of a solution 
made by mixing equal volumes of silver nitrate and 3 N nitric 
acid. This is best carried out by extending a pipet containing 
the silver nitrate-nitric acid mixture to the bottom of the tube 
containing the solution to be tested, and allowing the liquid to 
flow out into the tube so as to form a layer underneath the test 
solution. If arsenic is present, a chocolate-brown ring of silver 
arsenate will form at the junction of the two liquids. By this 
means, arsenic may be detected in the presence of ten times as 
much phosphate. 

If a large excess of phosphate causes doubt as to the presence 
of arsenic in the above test, a confirmatory test for arsenic may 
be carried out as follows: arsenate and phosphate are precipi- 
tated by ammonium molybdate, and the precipitate dissolved 
in 4-5 cc. of 6 N ammonium hydroxide, as above. The arsenate 
and phosphate are re-precipitated from this solution by the 
addition of 5 cc. of magnesia mixture. The precipitate is filtered 
off and dissolved in 5 cc. of 3 N hydrochloric acid. The solution 
is heated to boiling and hydrogen sulfide is passed through for 
two minutes; a yellow precipitate indicates the presence of 
arsenic. 

To 1 cc. of the filtrate from Group I is added, dropwise, 1 cc. 
of a saturated solution of stannous chloride; a white precipitate, 
turning gray, indicates mercury. Upon the addition of the 
pyridine-thiocyanate reagent for Group III, any mercury in the 
remaining solution is converted into the soluble complex mercuri- 
thiocyanate ion, and therefore does not interfere in any of the 
following groups. 

The order of the sensitivity of the tests for the ions of Group II 
is as follows: Ast*++: 0.008 mg./cc.; Hgt*: 0.15 mg./ce. 

Section 4. Theory Underlying the Precipitation of Group III, 
the Iron-Copper Group.—Pyridine, in aqueous solution, is suffi- 
ciently alkaline to precipitate the very insoluble hydroxides of 
iron, bismuth, lead, chromium, aluminum, antimony, and tin. 
It also forms complex ions with a number of other elements, 
which in turn unite with the thiocyanate ion to form insoluble 
complex compounds in the case of copper, cobalt, nickel, cad- 
mium, zinc, and manganese. 

At this point it is important that the acidity of the solution be 
adjusted with great care. If the solution is made too alkaline, 
the pyridine-thiocyanate complexes of copper, cobalt, nickel, 
cadmium, manganese, and zinc, which are soluble in ammonia, 
will not be formed. On the other hand, if the acidity of the 
solution is too high, the mildly basic pyridine cannot precipitate 
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the hydroxides of iron, lead, aluminum, chromium, antimony, 
and tin. 

Laboratory Procedure—To the solution, remaining after the 
identification of the metals of Group II, is added dilute am- 
monium hydroxide, dropwise, with constant stirring until 
the solution becomes alkaline to litmus. Dilute hydrochloric 
acid is then added slowly, a drop at a time, with stirring, until the 
litmus just turns pink. The formation of any precipitate is 
disregarded. The pyridine-thiocyanate reagent is now added 
slowly, with constant stirring, until precipitation is complete. 
The solution is transferred to a tube, and centrifuged, at a speed of 
about 1000 R.p.M., until the precipitate is completely separated. 
By means of a pipet the clear, supernatant liquid is carefully 
transferred to a small beaker, labelled ‘““Groups IV-V,” and set 
aside. 

The precipitate remaining in the centrifuge tube is washed by 
adding 5 cc. of water, shaking thoroughly, and centrifuging again. 
The wash liquid is pipetted off and discarded. The residue re- 
maining in the tube is treated as in Section 5. 


Section 5. Theory Underlying the Separation of Subgroups 
IIIA and IJIB.—Due to the fact that the hydroxides of iron, 
bismuth, lead, chromium, aluminum, antimony, and tin are not 
affected by treatment with ammonium hydroxide in which 
ammonium chloride has been dissolved, while the pyridine- 
thiocyanate complexes of copper, cobalt, nickel, cadmium, 
zinc, and manganese are soluble, this reagent can be used to 
separate the Group III precipitate into two subgroups. 

Laboratory Procedure—To the Group III precipitate in the 
centrifuge tube are added 10 cc. of ammonium hydroxide (1:6) 
to which 2 g. of ammonium chloride have been added, and 2 cc. 
of hydrogen peroxide. The mixture is stirred thoroughly, 
heated in boiling water for four or five minutes, and allowed to 
cool. It is then centrifuged until the precipitate is completely 
separated. By mans of a pipet, the filtrate is transferred to a 
beaker, labelled ‘“‘Subgroup IIIB,’’ and set aside for treatment 
asin Section 7, The precipitate is washed in the tube by adding 
5-6 cc. of water, stirring thoroughly, and centrifuging as before. 
The wash liquid is discarded. The residue, Subgroup IIIA, is 
treated as in Section 6. 

Section 6. Analysis of Subgroup IIIA, the Iron-Bismuth 
Group.—To the residue from the ammonia treatment are added 
10 cc. of 3 N sodium hydroxide, in which has been dissolved 1 cc. 
of bromine. The mixture is stirred thoroughly and warmed by 
placing the tube in boiling water for four or five minutes. It is 
then cooled and centrifuged until the precipitate is separated. 
The residue may consist of iron, bismuth, manganese, and lead, 
while the supernatant liquid may contain aluminum, chromium, 
antimony, and tin. The supernatant liquid is pipetted off, and 
reserved for the identification of these elements. The residue is 
washed with 5-6 cc. of water. 

To this residue are added 5-6 cc. of freshly boiled, cold, 3 NV 
nitric acid, and the mixture is stirred thoroughly. The solution 
is centrifuged until the precipitate has separated completely, 
and the supernatant liquid is poured off. To 1 cc. of this liquid 
in a test-tube is added 1 cc. of KysFe(CN)® solution. A deep blue 
color or precipitate indicates the presence of iron. Another test 
for the presence of iron is the production of a deep red color upon 
the addition of 1 cc. of potassium thiocyanate solution to another 
1 cc. portion of the liquid. 

One drop of the quinoline reagent is placed on a piece of filter 
paper, and a drop of a solution of sodium acid sulfite is added. 
A drop of the solution to be tested is then added. An intense 
red-orange color indicates the presence of bismuth.! 

The residue remaining in the tube is washed, and a small 
portion of it is transferred to a test-tube. Three or four times as 
much solid lead dioxide, and 2-3 cc. of concentrated nitric acid, 
are added. The mixture is boiled for a few moments, diluted to 
about 15 cc. with water, and the residue allowed to settle. A 
purple color in the supernatant liquid indicates the presence of 
manganese. 


1 GAPCHENKO AND SHEINTZIS, Zavodskaya Lab., 4, 835 (1935). 
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Two cc. of concentrated hydrochloric acid are added to the 
remainder of the residue in the tube. The mixture is stirred 
thoroughly until the residue is dissolved. The solution js 
neutralized with ammonia, made acid with a 1 cc. excess of acetic 
acid, and 3 cc. of potassium chromate are added. A yellow pre. 
cipitate indicates the presence of lead. 

To 1 cc. of the supernatant liquid from the sodium hydroxide 
treatment, which may contain aluminum, chromium, antimony, 
and tin, dilute (6 N) acetic acid is added, until distinctly acid to 
litmus. Three cc. of diphenylcarbazide solution are added, 
A purple-violet color indicates the presence of chromium. 

To a second portion of the above solution, acidified with acetic 
acid, are added 2 cc. of ‘“‘aluminon,’’ and the solution is heated to 
boiling, It is then cooled and made alkaline by the addition of 
2-3 cc. of dilute ammonium hydroxide. A reddish precipitate, 
which presists after this treatment, indicates the presence of 
aluminum. 

A piece of tin is placed in contact with a piece of platinum foil, 
on a watch glass. Over this are poured 1-2 cc. of the above 
solution, which has been made strongly acid with hydrochloric 
acid. In the presence of antimony a velvet-black stain, insoluble 
in sodium hypobromite, appears on the platinum. 

As a confirmatory test, 1 cc. of Rhodamine B solution is placed 
on a spot plate, and one drop of the test solution, made strongly 
acid with hydrochloric acid, is added. In the presence of anti- 
mony the original light red color of the dye changes to violet, 
and the fluorescence disappears.” 

In a small beaker 5 cc. of the solution are made strongly acid 
with hydrochloric acid. About five g. of iron filings are added. 
The mixture is heated to boiling and filtered at once into a test- 
tube containing 5 cc. of a saturated solution of mercuric chloride. 
A white precipitate indicates the presence of tin. 

The order of the sensitivity of the tests for the ions of Sub- 
group IIIA is as follows: Fe+*+*:0.0055 mg./cc. (KiFe(CN).); 
0.0014 mg./ec. (KCNS); Bit+*:10-§ mg./drop; Mn‘*:0.005 
mg./cc.; Pb**t:0.01 mg./ec.; Crt+*:0.001 mg./cc.; Al*+**:- 
10-6 mg./cc.; Sb**:0.03 mg./ce. (Pt-Sn); 0.001 mg./cc. (Rhoda- 
mine B); Sn‘t:0.15 mg./cce. 

Section 7. Analysis of Subgroup IIIB, the Copper-Cobalt 
Group.—To 1 cc. of the solution containing the elements of Sub- 
group IIIB are added 1 cc. of potassium thiocyanate solution, and 
4-5 drops of a solution of benzidine in acetic acid. A dark blue 
precipitate, insoluble in the ordinary organic solvents, indicates 
copper.’ 

A confirmatory test for copper may be carried out as follows: 
a piece of filter paper is spotted with a two per cent. alcoholic 
solution of a-Benzoin oxime, and allowed to dry. A drop of the 
Subgroup IIIB solution, first made acid with tartaric acid, is 
added, and the paper is exposed to the vapors of ammonia. The 
presence of copper is indicated by the production of a green color. 

To one cc. of the Subgroup IIIB solution in an evaporating 
dish are added one cc. of potassium thiocyanate solution and 1 cc. 
of 6 N ammonium hydroxide. By gentle heating the solution is 
evaporated to drytiess, A brilliant blue residue, which persists 
on evaporation, indicates the presence of cobalt.® 

To one cc. of the Subgroup IIIB solution is added one cc. of 
dimethylglyoxime. A bright red precipitate indicates the pres- 
ence of nickel. 

To one cc. of the Subgroup IIIB solution are added one cc. of 
potassium cyanide solution, and one cc. of sodium thiosulfate. 
The solution is acidified by adding four or five drops of concen- 
trated hydrochloric acid. It is then heated to boiling, cooled 
and filtered. To one drop of the filtrate in a test-tube is added 
one drop of a solution of dithizone in CCl, In the presence of 
zinc, and on shaking, the green color of the reagent is changed to 
a cherry-red.® 


2 EERGRIWE, Z. anal. Chem., 70, 400 (1927). 

3 FLEMING, Analyst, 49, 275 (1924). 

4B. D.H. Book of Reagents, The British Drug Houses, Ltd., 
London, (1936). 

5 TANANABV, Z. anorg. allgem. Chem., 140, 320 (1924). 

6 FISCHER AND LEopOLD1, Z. anal. Chem., 100, 386 (1935). 
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i to the Two or three cc. of the Subgroup ITIB solution are boiled until, 
Pv on testing the vapors with litmus, no more ammonia comes off. 
of acell When completely free from ammonia, the solution is made acid 
low onl with acetic acid, and 0.5 g. of Rochelle salt is added. A piece of 
f filter paper is spotted with one drop of the purple solution of 
droxide “cadion,’’ and one drop of the test solution, treated as above, is 
timon added. In the presence of cadmium there will be formed on the 
ae da paper a bright pink center circle surrounded by a violet-blue 
ring. 
added, : a supplementary test for cadmium and zinc, five cc. of the 
h acess Subgroup IIIB solution are transferred to a casserole, two or 
ated to three cc. of dilute nitric acid are added, and the solution is 
ition of evaporated to dryness. It is then heated strongly in order to 
ipitate decompose the ammonium salts present. After cooling, the 
nce of residue is dissolved in ten cc. of distilled water. To this solution 
are cautiously added two or three g. of sodium peroxide. The 
‘ solution is filtered, and to the filtrate in a small beaker are added 
im foil, two or three cc. of sodium sulfide. A white precipitate indicates 
above the presence of zinc. The residue from the sodium peroxide 
chloric treatment is washed with a little cold water, then eight to ten cc. 
soluble of 3 N acetic acid are poured through the filter. The filtrate is 





carefully neutralized with ammonia, and one to two cc. of potas- 
sium cyanide solution and two to three cc. of sodium sulfide are 





placed 


















































rongly added. A yellow precipitate indicates the presence of cadmium.® 
f anti. The order of the sensitivity of the tests for the ions of Sub- 
violet, group IIIB is as follows: Cu**:0.0032 mg. per cc. (benzidine) ; 
f 10-* mg. per drop (a-benzoin oxime); Co**:0.01 mg. per cc.; 
y acid Ni++:0.001 mg. per cc.; Zn*+*:0.001 mg. per drop (dithizone) ; 
idded. 0.015 mg. per cc. (Na2S); Cd*+t:0.5 gamma per cc. (cadion); 
b toby 0.015 mg. per cc. (NapS). 
loride. Section 8. Theory Underlying the Precipitation of Group IV, 
the Alkaline Earth Group.—Under the conditions of this scheme 
q Sub- of analysis it has been shown that arsenates and phosphates will 
“N)s); not precipitate the alkaline earth metals in Group III, and 
0.008 therefore their removal is unnecessary. It is assumed, on the 
"7 basis of experimental evidence, that the alkaline earth metals form 
hoda- complexes with the pyridine-thiocyanate reagent, which do not 
eo form insoluble phosphates or arsenates. In the presence of iron, 
obalt bismuth, lead, chromium, aluminum, antimony, or tin, (AsO,)~~~ 
Sub- and (PO,)~~-~ form the insoluble arsenates and phosphates of 
, and these latter metals, and are precipitated in Group III, but this 
blue does not constitute an interference there. In no case does the 
cates presence of arsenates of phosphates, even in ratios as high as 
100 to 1, interfere with the identification of the alkaline earths 
lows: and magnesium in their proper groups. It has also been found 
holic that the addition of ammonium chloride to prevent the precipita- 
f the tion of magnesium in Group III is unnecessary, and consequently 
d, is evaporation for the removal of the ammonium salts in the begin- 
The ning of Group IV is not necessary. 
lor. Section 9. Analysts of Group IV, the Alkaline Earth Group.— 
ting To the filtrate from Group III ammonium carbonate is added 
l ce, until precipitation is complete. The precipitate, which may con- 
a 18 sist of the carbonates of barium, strontium, and calcium, is washed 
sists once with hot water. Then five to ten cc. of hot 3 N acetic acid 
are poured through the filter until all of the precipitate is dis- 
2. of solved. The solution is diluted to a volume of twenty cc. and 
res- heated to boiling. Normal potassium chromate solution is 
added, dropwise, until precipitation is complete. This should 
- of require not more than tence. The solution is then filtered, using 
ate. a double filter. The yellow precipitate, barium chromate, is 
a washed several times on the filter with hot water, and confirmed 
led by pouring hydrochloric acid (1:1) through the filter until the 
ded precipitate has been dissolved. The resulting solution is evapo- 
= of rated almost to dryness, and some of the remaining solution is 
1 to introduced into the flame by means of a platinum wire. A green 
coloration confirms the presence of barium. 

The filtrate, after the removal of the barium chromate, may 
contain strontium and calcium. The carbonates of these metals 
are re-precipitated by making the solution alkaline with ammonia, 

fa adding ammonium carbonate, warming and allowing to stand. 






After filtration, the residue, which may consist of strontium 





7 Dwyer, Australian Chem. Inst. J. & Proc., 4, 26 (1937). 
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carbonate and calcium carbonate, is washed thoroughly with hot 
water until the washings are colorless, and redissolved in five cc. 
of hot, dilute acetic acid. The solution is diluted to a volume of 
ten cc. 

A preliminary test for strontium is made as follows: One cc. of 
the above solution is heated to boiling in a test-tube with 2 cc. 
of saturated calcium sulfate solution, and then allowed to stand 
for a few minutes. The formation of a precipitate or turbidity 
indicates the presence of strontium. 

If strontium is found to be present, to the remainder of the 
solution ammonia is added to alkaline reaction, and then ten cc. 
of ammonium sulfate. The solution is boiled for a few minutes 
and filtered. The residue is strontium sulfate. It is confirmed 
as follows. The precipitate is washed thoroughly with hot water. 
A platinum wire is dipped into the residue and held in the reduc- 
ing flame for one or two minutes. Then the wire is dipped into 
concentrated hydrochloric acid, and held again in the flame. 
A deep red coloration confirms the presence of strontium. 

The filtrate, after the removal of the strontium sulfate, may 
contain calcium. Five to ten cc. of ammonium oxalate are 
added. A white precipitate, insoluble in acetic acid, indicates 
calcium. The presence of calcium is confirmed by the flame test, 
as directed for either barium or strontium. An orange-red 
coloration proves the presence of calcium. 

If the preliminary test shows strontium to be absent, the re- 
mainder of the solution, which may contain calcium, is made 
alkaline with ammonia, and ammonium oxalate is added. A 
white precipitate, insoluble in acetic acid, indicates calcium. 
The presence of calcium is confirmed by the flame test. 

The order of the sensitivity of the tests for the ions of Group IV 
is as follows: Bat*t*:0.01 mg. per cc.; Sr*+*:0.012 mg. per cc.; 
Cat*:0.015 mg. per cc. 

Section 10. Analysis of Group V, the Alkali Group.—To the 
filtrate from Group IV are added 0.5 cc. each of ammonium sul- 
fate and ammonium oxalate, and the solution is heated to boiling 
and filtered. In case either barium, strontium, or calcium was 
absent in Group IV this precipitate is tested for these elements by 
means of the platinum wire as described in Group IV. If they 
were found, the precipitate is discarded. 

To one-third of the filtrate ammonia is added until distinctly 
alkaline, and then four cc. of disodium phosphate are added. 
The solution is shaken vigorously and allowed to stand for five 
minutes. A white, crystalline precipitate indicates the presence 
of magnesium. The solution is filtered, and the precipitate is 
moistened on the filter paper with one to two cc. of a hot solution 
of diphenylearbazide to which three to four drops of 6 N sodium 
hydroxide has been added. The precipitate is washed with hot 
water until a colorless filtrate is obtained. Reddish violet flecks 
remaining on the filter confirm the presence of magnesium.’ 

The remainder of the filtrate from the ammonium sulfate and 
oxalate treatment is placed in a casserole and evaporated under 
the hood until spattering begins. Ten cc. of concentrated nitric 
acid are added cautiously and the solution is evaporated gently 
to dryness, and then heated below red heat until all ammonium 
salts have been decomposed. A particle of the residue is then 
tested, by means of the platinum wire, in the flame. A violet 
coloration shows the presence of potassium and the absence of 
sodium. An intensely whitish yellow color in the flame immedi- 
ately around the solid particle proves the presence of sodium. If 
sodium is found present, the test should be repeated, and the 

flame observed through a cobalt glass of sufficient thickness to 
mask completely the color of the Bunsen flame. Under these 
conditions, the presence of potassium will be indicated by the 
appearance of a reddish violet coloration. 

Supplementary tests for sodium and potassium may be run as 
follows. The remainder of the residue in the casserole is dis- 
solved by adding five cc. of water, and warming if necessary. 
This solution is divided into two portions. 

To one cc. of this solution in a test-tube are added two cc. of 
glacial acetic acid and one cc. of zinc uranyl acetate reagent. 
The mixture is shaken thoroughly and allowed to stand for ten 





® Ferci, Z. anal. Chem., 72, 113 (1927). 
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minutes. A yellow, crystalline precipitate shows the presence 
of sodium. 

To four cc. of the filtrate is added one cc. of a hot, two per cent. 
solution of naphthol yellow S, and the solution is set aside at 
room temperature. In the presence of potassium a bulky, 
flocculent, orange-yellow precipitate forms after the mixture has 
been standing for several minutes.® 

The test for ammonium is made on a portion of the original 
solution, rather than on the filtrate from Group IV. Five ce. of 
the original solution are placed in a small beaker, and 6 N 
sodium hydroxide is added, a little at a time, with constant stir- 
ring, until the mixture is strongly alkaline. A piece of moistened 
red litmus paper is placed on the convex side of a watch glass, 
which is then placed over the beaker. The solution is warmed 
gently, without boiling. A uniform change of color in the litmus, 
from red to blue, without the formation of any deep blue spots, 
indicates the presence of ammonia. 


The order of the sensitivity of the tests for the ions of Group V 
is as follows: Mg**:0.016 mg./cc.; Nat:0.015 mg./cc.; K*:0.02 
mg./cc.; (NH4,)*:0.002 mg./cc. 


9 CLARK AND WILLITS, Ind. Eng. Chem., Anal. Ed.,8, 209 (1936). 


JOURNAL OF CHEMICAL EDUCATIOy 


SPECIAL REAGENTS 


Aluminon: A 0.1 per cent. aqueous solution. 

Benzidine: Dissolve 2 g. of benzidine in 100 cc. of 3 N acetic 
acid. 

a-Benzoin oxime: A 2 per cent. alcoholic solution. 

Cadion (p-nitrodiazoa b ne): Dissolve 0.02 g. of the 
pure compound in 100 cc. of 95 per cent. alcohol and add 1 ce, of 
2N KOH". 

Diphenylcarbazide: Dissolve 0.2 g. in 10 cc. of glacial acetic 
acid and dilute to 100 cc. with 95 per cent. alcohol. 

Dithizone (diphenylthiocarbazone): A 0.1 per cent. solution jn 
CCh. 

Naphthol yellow S: A 2 per cent. aqueous solution. Heat 2¢ 
of pure naphthol yellow S in 100 cc. of water until dissolved. 

Pyridine-thiocyanate reagent: Dissolve 10 g. of pure NHiCNS 
in 100 cc. of water and add 10 cc. of pure pyridine. 

Quinoline reagent: Dissolve 1 g. of pure quinoline in 100 ce, 
of 95 per cent. alcohol, and add 20 cc. of a 25 per cent. solution of 
KI. 

Rhodamine B: A0.01 per cent. aqueous solution. 

Zinc Uranyl Acetate reagent: Dissolve 10 g. uranyl acetate in 
6 g. of hot 30 per cent. acetic acid, and make up to 65 g. with 
water; dissolve 30 g. of zinc acetate in 3 g. of the above acetic 
acid, and make up to 65 g. with water. Mix, cool, and filter. 








JOCELYN FIELD THORPE* 


Jocelyn F. Thorpe, Emeritus Professor of Organic 
Chemistry in the University of London, was born in 
that city on December 1, 1872. After attending the 
Royal College of Science, London, he went to Heidel- 
berg to learn the methodology of chemical research. 
After two years under the guidance of Karl von Au- 
wers he was granted the Ph.D. degree (1895) and then, 
attracted by the opportunity to work with W. H. 
Perkin, Jr., was happy to become Research Fellow of 
Owens College, Manchester. He now began his stud- 
ies of camphor and allied problems. These investi- 
gations extended through a decade. He devised a 
synthesis for camphoronic acids and eventually of 
camphor itself. 

Dr. Thorpe was appointed Assistant Lecturer in 
Organic Chemistry in 1896; by 1908 he was Senior 
Lecturer in Chemistry and Lecturer in Biochemistry. 
The University of Manchester awarded him a Sc.D. in 
1908; this same year he was elected Fellow of the Royal 
Society (F. R. S.). This organization further recog- 
nized his talents and appointed him its Sorby Research 
Fellow in 1909; he held this post for four years, devot- 
ing his efforts chiefly to investigations of polycyclic 
compounds, especially those containing cyclopentane 
and cyclohexane rings. In 1913 he was called to the 
Imperial College of the University of London, where he 
reorganized the teaching of organic chemistry and 
introduced new methods of training in research. He 


* See frontispiece. 


occupied this chair until he reached the age limit in 1938. 

During the Great War he devised methods for the 
defense of troops against toxic gases; for this service he 
was appointed Commander of the British Empire 
(C. B. E.). The government has made liberal use of 
his expert knowledge in such posts as the Advisory 
Council Department of Scientific and Industrial Re- 
search; Chemical Defense Committee, War Office; 
President, Indian Chemical Services Committee; Safety 
in Mines Research Board; Chairman, Explosives in 
Mines Committee; Dyestuffs Development Committee, 
Board of Trade. 

Professor Thorpe’s professional colleagues have given 
evidence of their appreciation of his merits: Longstaff 
Medal of the Chemical Society (1921); Davy Medal of 
the Royal Society (1922); Council of the Royal Society 
(1923-25); President of the Chemical Society (1928- 
31); President of the Institute of Chemistry (1933-36). 
He is Officier de la Legion d’ Honneur. 

His publications include numerous papers of high 
quality, and his book, ‘“The Synthetic Dyestuffs and 
Intermediate Products” (7th ed., 1935), under the 
name ‘“‘Cain and Thorpe,” has been a vademecum in 
academic and industrial circles for many years. He 
was a contributor to (Edward) Thorpe’s “Dictionary 
of Applied Chemistry” and co-editor of the supplemen- 
tary volumes, and is now co-editor of the new (fourth) 
edition of this valuable encyclopedia. 


(Contributed by Ralph E. Oesper, University of Cincinnati) 
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Styrene. ANON. Ind. Bull. of Arthur D. Little, Inc., 142, 2-3 
(Dec., 1938).—Styrene, another synthetic resin, has been de- 
veloped by the fast-growing plastics industry. Its electric 
insulating properties seem to make it a superior plastic, for it 
may be immersed in water for months with no change in elec- 
trical properties. It is further characterized by dimensional 
stability, water-white color and clarity, relatively high softening 
point, and good abrasion and impact resistance although slightly 
brittle and subject to surface crystallization which defects may 
later be overcome, in which event it will lend itself for airplane 
windows. Principal applications of styrene plastics will be in 
decorative-novelty uses and for industrial purposes. Its be- 
havior in high frequencies makes it of special value to the elec- 
trical industry. At present it is produced in the United States 
by only one company which synthesizes it from benzene, a coal- 
tar product. 

Floating mountains. ANon. Ind. Bull. of Arthur D. Little, 
Inc., 142, 4 (Dec., 1938).—Flotation processes now used in the 
metal mining industry are being applied to the production of 
non-metallic minerals. In the natural state most minerals are 
not water repellent and require a “‘collecting agent’’ to make them 
so. A typical collecting agent is an organic molecule containing 
oxygen or other reactive atoms at one end, but an inert ‘‘carbon 
tail” at the other. The active ends attach themselves to the 
mineral surface while the tails present a water repellent front. 
Only small quantities of the collecting agent are needed since 
a layer of one molecule deep is all that is necessary. To obtain 
a permanent froth with lasting bubbles to which the minerals 
may cling, pine oil is often added to the water. About 11,000 
tons of phosphate rock are floated daily in Florida. Commercial 
plants float graphite, coal, fluorite, zircon, talc, barite, manga- 
nese ores, and sulfur. In Carlsbad, New Mexico, a flotation 


plant is in operation, separating potash from common salt. 
G. O. 


Modern petroleum research. E. C. Wiritams. Ind. Eng. 
Chem., News Ed., 16, 630-2 (1938).—This article describes the 
problems which are encountered in petroleum research. Newest 
information in catalytic behaviour and the commercial develop- 
ment of synthetic gasolines is mentioned. As an example of the 
possibilities of using petroleum as a basic chemical material, the 
synthesis of glycerol is cited. By reaction between chlorine and 
propyline, allyl chloride is made. The allyl chloride is then 
hydrolyzed to glycerol. . ee. aa 

Nylon. Anon. Ind. Bull. of Arthur D. Little, Inc., 141, 1-2 
(Nov., 1938).—‘‘Nylon’” has been coined to designate ‘‘the 
synthetic fiber-forming polymeric amides having a protein-like 
structure” from which du Pont’s new synthetic fiber is formed. 
Emphasis is placed on the strictly synthetic origin of the new 
fiber, air, water, and coal. Nylon resembles natural silk, both 
being polyamides of protein-like structure, and in general nylon 
will take dyes used for silk, wool, and acetaté, and some direct 
dyes for cotton and rayon. One of its most promising uses is 
high twist yarn for fine hosiery. The ladies will welcome it 
because of its high strength and resistance to runs. The first 
nylon product to reach commercial use is the bristle fiber, ‘‘Ex- 
ton,’’ used in tooth brush bristles. Among the uses prophesied 
for this new product are sewing thread, knit goods, fishing lines, 
dress goods, and plastic compositions. In price it is believed 
that it will for the present parallel that of silk. This nylon de- 
velopment is one of several in the synthetic fiber field. Other 
new types are Carbide and Carbon’s new vinyl base yarn, 
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“Vinyon.”” The Celanese Corporation has also announced 
plans for a new product, and American production of casein 
wool is being considered as well as soy-bean protein. G. O. 

Of infinite variety. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 141, 2-3 (Nov., 1938).—Chemists have sought to dupli- 
cate the fruitful carbon-to-carbon bond by using other elements 
closest to carbon in chemical characteristics in the hope that such 
a development might lead to new and different products. Thus 
silicon, which has the power of combining with four atoms of 
hydrogen as does carbon, can also combine with itself to yield 
compounds called silanes analogous to carbon compounds. 
Boron acts in a similar way to give compounds called boranes; 
but if an atom of boron is combined with an atom of nitrogen, 
the combination has a molecular weight of approximately 
twenty-four, almost the same as two combined carbon atoms. 
Here, perhaps, is a possibility, for a study of the physical proper- 
ties of boron nitride reveals that it exists in a hard crystalline 
form like diamond and soft powdery form like graphite, which 
suggests the possibility of substituting it for diamond in abrasives 
or graphite in lubricants. Its refractory properties have also 
been investigated. The fundamental question is whether these 
elements will make the chains and rings characteristic of carbon. 
So far no long chain combinations have been reported, but a 
diboroethylamine is known. Moreover, there does exist a com- 
bination resembling benzene in which three atoms each of boron 
and nitrogen are arranged alternately in a hexagonal ring with 
one atom of hydrogen attached to each member of this new ring 
compound producing inorganic benzene which is also a liquid, 
a solvent for fats and oils, and has a benzene odor. Like ben- 
zene, it can add chemical groupings to the atoms of its rings or 
substitute groups for the active hydrogens to form derivatives. 
Investigations of these compounds are being carried out in Ger- 
many, and in this country by Dr. H. I. Schlesinger of the Uni- 
versity of Chicago and Dr. S. H. Bauer of Pennsylvania State 
College. G. O. 

Carbon copy. ANon. Ind. Bull. of Arthur D. Little, Inc., 
141, 3-4 (Nov., 1938).—The inertness of carbon and graphite 
to the action of chemicals is now being exploited in the process 
industries because of the development of non-porous synthetic 
resin-impregnated carbon or graphite through which corrosive 
liquids may be safely transferred. However, the impervious 
carbon materials are not recommended for temperatures above 
175°. Tubing of impervious carbon or graphite is reported 
capable of withstanding pressure ordinarily encountered in the 
process industries; it also has a low coefficient of expansion, is 
light, and has a high resistance to thermal shock. G. O. 

Florida oysters? Anon. Ind. Bull. of Arthur D. Little, Inc., 
141, 4 (Nov., 1938).—The work of the National Farm Chemurgic 
Council to further the use of farm products has now become 
material for the racketeer—from ‘‘miracle wheat” in the Dakotas 
to tung oil promotors along the Gulf Coast, from fraudulent claims 
of new cotton to worthless oyster beds to make quick fortunes 
from the sale of oysters. The Department of Animal Hus- 
bandry of Kansas State College investigated the “Livestock 
Improvement Association’? which was selling large numbers of 
sows to Kansas farmers promising to buy back all young pigs 
at seventy-five dollars apiece, a promise seldom fulfilled. Dr. 
Barnard, commenting upon these practices, says: ‘The Farm 
Chemurgic Council must not be penalized by the misuse of its 
plans or objectives by a racketeering promoter who would 
exploit a profitable tung oil industry by the sale of cheap and 
worthless land.” G. O. 











RECENT BOOKS 


CHEMICAL ANALYSIS OF Foops AND Foop Propucts. Morris B. 
Jacobs. D. Van Nostrand Co., Inc., New York City, 1938. 
xxii + 537 pp. 15 X 23cm. $6.00. 


While this book does not cover all of the subjects included in 
the A. O. A. C. Methods of Analysis (as, in fact, it need not do) 
it is broader in scope than a textbook need be. The reviewer 
agrees that it can serve “‘as a manual for manufacturers for con- 
trol work,” but as one who has taught food analysis for many 
years he does not recommend it for use ‘‘as an educational text.” 

It is rare that the precision of a method is mentioned, although, 
on the other hand, the author does counsel care in manipulation 
such as, “On cream-testing scales which are in proper working 
condition and of proper sensitiveness weigh nine grams’’ (page 
168) and ‘‘The protein content may be estimated by determining 
the nitrogen content in an accurately weighed portion .. . ’’ (page 
189), the italics are the reviewer’s. 

Upon perusal of the tables of data one is impressed by a lack 
of critical selection in certain instances. For example, Table 34 
which purports to give the ‘‘Constants of Florida Oranges,” 
neither bears a reference for authority nor gives any idea as to 
how many samples were analyzed to produce the data. The 
reviewer feels that this sort of tabulation may be quite mislead- 
ing and he knows that it is definitely misleading in this case, 
where the weight of orange is given as Max. 229 g. and Min. 184 
g. (these numbers are erroneously transposed in the table) and 
juice weight as Max. 99 g. and Min. 64 g. These data apply to 
small-sized oranges. The author, knowing that oranges come 
to the market graded to size, should have qualified this table 
by stating the size of the oranges or at least noting that they were 
of small size. 

Another example, but of a different sort, is found on page 279 
where an analysis of Irish moss is given. It lists ‘‘available’’ 


and “unavailable” carbohydrate and ‘“‘titratable acidity’’ without 
definition of these terms and the latter six lines of data in the de- 
scription could be better expressed in but two. 

The effect of the dizzy whirl of a centrifuge is noted on page 
176 where, “If 5 cc. or 5 g. of cream are shaken with 5 cc. of a 
mixture of benzene and alcohol and the mixture is centrifuged 
for a short period, reconstituted cream will throw up its butter 


fat...’ Any one with a sympathetic attitude toward the cream 
will agree that its behavior was normal under the circumstances. 

On page 245, where the author undoubtedly meant to convey 
the information that the hydrolysis products of raffinose vary 
with the conditions, he states, ‘‘On special hydrolysis it yields, at 
times, a mellibiose residue and at other times a sucrose residue.” 

The reviewer commends the book because it includes ‘“‘cer- 
tain of the newer aspects of food analysis such as the chemical 
assay of vitamins, the detection of improper pasteurization of 
milk, the homogenization of milk, the detection of gums...” and 
as the author states, it should ‘‘prove useful in regulatory labora- 
tories, both governmental and commercial and as a reference 
particularly in those subjects treated herein which are not treated 
in other texts in the subject.” 

ARTHUR W. THOMAS 


CoLtumBIA UNIVERSITY 
New York Ciry 


READINGS IN ELEMENTARY ORGANIC CHEMISTRY. Edited byL.A. 
Goldblatt, University of Pittsburgh. D. Appleton-Century 
Company, New York City, 1938. x + 150 pp. 20.5 X 27.5 
cm. $1.25. 


Dr. Goldblatt’s CoLLATERAL READINGS IN INORGANIC CHEM- 
ISTRY (1937) filled such a definite need with teachers of first-year 
college chemistry that the appearance of a similar work in the 
field of organic chemistry was inevitable. That this second 
volume has made its appearance so soon is due to the thorough- 
ness with which the author has tested out in his classes for several 
years the possibilities of parallel readings in both inorganic and 
organic chemistry. 
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Twenty-nine articles have been selected for inclusion in this 
second volume. Some twenty of these are accompanied by brief 
biographical sketches or explanatory comments. A glossary of 
one hundred twenty-nine terms is included. Half of the articles 
deal with industrial applications of organic chemistry, while the 
remainder is divided about equally between theoretical, historical, 
and medical chemistry. The only criticism the reviewer would 
make with the distribution is the failure to include at least one 
article on the interpretation of organic reactions in terms of 
modern theories of valence. Fieser’s article on ‘‘The Structure 
of Naphthalene” [J. Am. Chem. Soc., 57, 1459-64 (1935)] is the 
nearest approach to this important phase of theoretical organic 
chemistry. 

Dr. Goldblatt’s READINGS present the most practical means 
of introducing large numbers of undergraduate students 
to the chemical literature that has been suggested to date. The 
wide use of this book may conceivably result in the removal of 
organic chemistry from its present position as the most difficult 
course in college, according to popular vote, for students do not 
count effort where interest in the subject abounds. READINGS IN 
ELEMENTARY ORGANIC CHEMISTRY is thoughtfully designed and 
brilliantly executed to enhance student interest. 

, Joun R. SAMPEY 


FurRMAN UNIVERSITY 
GREENVILLE, SOUTH CAROLINA 


RECENT ADVANCES IN VOLUMETRIC CHEMICAL ANALYsis. H. B. 
Kellog, formerly Director of Laboratories, Amp Research 
Laboratories, Lefax, Inc., Philadelphia, Pennsylvania, 1938. 
vi + 208 pp. 6 figs. 9.5 X 17cm. $3.00 in Faxide ring binder, 
$2.00 in paper cover. 


This book, while printed in pocket size, is a very complete 
manual of the more widely used volumetric methods, particularly 
of the more recent ones. Directions are condensed, but given with 
sufficient detail for use by the experienced analyst. The general 
form followed for each determination is (1) concise laboratory di- 
rections, (2) formulas for calculations, (3) list of reagents needed, 
(4) explanatory notes (when these are needed), and (5) bibliog- 
raphy. 

A commendable feature is the introductory discussion of acid- 
base, adsorption, and oxidation-reduction indicators. In all 
cases the treatment of the subject is modern and is written for 
the practical analyst. The introductory section also contains 
brief chapters on ceric sulfate, new reagents (oxine, chloramine-T, 
and spot test reagents) and the preparation and use of zinc and 
silver reductors. 

The main portion of the book (pages 54-200) is devoted to 
procedures for volumetric analyses. Here the topics are ar- 
ranged in alphabetical order. While most space is devoted 
to inorganic analyses, certain organic analyses are treated. In 
the arrangement of the book it is unfortunate that the sections 
on standard solutions and on volumetric factors were not segre- 
gated rather than alphabetically listed among the determina- 
tions. The number of determinations listed is large; on the 
whole the selection is good. 

The chief criticism is that the beok is made too compact for 
easy reading, especially under laboratory conditions. The fine 
print used for certain sections is conducive to error. The 
author is often guilty of carelessness in presentation; particu- 
larly is this true with regard to building complex sentences 
through the use of the word “and.” It is unfortunate that the 
author has not designated those methods which are the official 
ones for referee analyses. Despite these minor disadvantages, 
the book is on the whole excellent, and it will prove to be a 
valuable pocket reference book for the practicing analyst. 

W. C. Prerce 


Tue UNIVERSITY OF CHICAGO 
Cxrcaco, ILLINOIS 
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NICOLA PARRAVANO (1883-1938) 


Nicola Parravano, for many years Foreign Editor for Italy of 
the JourNAL oF CHEMICAL EpucatTIon, was born at Fontana 
Liri on July 21, 1883. He studied chemistry at the University 
of Rome under Cannizzaro and Paterno, graduated with highest 
honors (1904) and stayed on as assistant from 1905 to 1909. 
After a semester with Nernst at Berlin, he returned to Rome 
as assistant director of the chemical laboratory of explosives. 
In 1912 he taught at the University of Rome; in 1913 he went 
to Padua as professor of applied chemistry; in 1915 he was 
called to Florence to take charge of physical chemistry. In 
1919 his alma mater recalled him to occupy the chair of general 
chemistry. In 1923 he was appotted director of the chemical 
laboratories. of the University of Rome and he held this im- 
portant post until his death. 

Parravano’s scientific activities extended over many fields, 
but his chief interests were in physical and inorganic problems. 
Catalysts especially engaged his attention. His studies of 
heterogeneous cokakesia opened the way to new and interestin 
alloys. He was a pioneer in the investigation of ternary ad 
quaternary alloys, and he dealt at length with high temperature 
alterations and equilibria. During the World War he did 


important work on explosives. As a member of the National 
Council the past few years found him particularly studying 
national resources and the development of raw materials, to 
assure the economic independence and well-being of his beloved 
Italy. Fuels, the iron ie es fertilizers, chemurgy are typical 


of the important topics he studied from the nationalistic view- 


point. 
He served on the editorial staff of the Gazetta chimica italiana 


and the Giornale di chimica industriale ed applicata. In 1920 
he organized at Milan the Ernesto Breda Institute for technical 
metallurgical research. 

Honors came to him in full meagure from learned societies and 
academies, foreign as well as Italfan. He held both the LeBlanc 
and the Lavoisier Medals of the Société chimique de France. 
As President of the International Union of Chemistry he presided 
over the Tenth International Congress of Chemistry at Rome in 
May, 1938. At the close of this successful meeting, he went to 
Fiuggi for a short vacation during which he planned to make 
some hydrological studies, but died there most unexpectedly on 


August 10. 
(Contributed by R. E. Oesper, University of Cincinnati) 
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MARCUS AURELIUS PINCH-HITS FOR THE EDITOR. 
The editor having been laid low with a temperature of 104°, 
and finding his own mental processes none too clear, invites an old 
friend to supply a guest editorial. 

“1. It behoves me to learn from Verus, my grandfather, his 
beauty of character and meekness of temper: 

“2. From my father’s repute and my recollections of him, 
modesty and manliness: 

“3. From my mother, piety and liberality; abstention not 
merely from ill-doing but from the very thought of evil; sim- 
plicity and frugality, and contempt for the luxuries of wealth. 

“4. To my great-grandfather I am debtor in that he sent me 
to the public courses of instruction, procured for me the wisest 
teachers at home, and taught me that on education we must 
spend with an open hand. 

“5. From the instructor of my youth I learned tocare naught 
for the arena—its charioteers with their green and blue, or its 
gladiators with their targes and bucklers—but to endure hard- 
ship, to be content with little, to labour with my hands, to 
meddle not with what concerned me not, and to turn a deaf ear 
to scandal, 

“6. From Diognetus, to treat trivial things as trivial, to smile 
at the tales of miracle-mongers and sooth-sayers, with their in- 
cantations and their expulsions of evil spirits, to disdain to keep 
fighting-quails or betray interest in such sports, and to bear with 
outspokenness. Through him I was wedded to philosophy. 

“7, From Rusticus I took to heart the great truth that char- 
acter needs constant correction and cultivation, and was saved 
from straying into the arid pastures of a contentious sophistry, 
from scribbling didactic essays, and declaiming gratuitous good 
advice, as well as from essaying the réle of the great athlete and 
man of action 

“8. From Apollonius I know that I must strive after ingenu- 
ousness, unwavering constancy, and contempt for the gambler’s 
hit or miss; learn, like him, never for an instant to look towards 
airy other guiding star than reason; and, like him, remain un- 

‘moved in paroxysms of pain, in the loss of children, and in linger- 
‘ing disease. He was a living proof that the greatest energy is com- 
patible with the most complete relaxation: his lectures were de- 
livered with unruffled calm, and in him I beheld a man who, in 
simple truth, looked upon his skill and readiness of exposition as 
the least meritorious of his qualities. From him I learned in what 
spirit to receive kindnesses—or what the world deems such— 
from my friends, neither boorishly ignoring them nor sacrificing 
my independence in their acknowledgment. 

“9. To Sextus I owe the memory of his kindly nature, and the 
spectacle of a family dwelling in concord under his patriarchal 
sway; as well as my first notions of life in conformity with Na- 
ture. He was unassumingly dignified, an observant guardian 
of his friends’ interests, tolerant of the ignorant and unreflecting, 


and at home with all sorts and conditions of men, the result bein 
that, while his conversation had far more charm than the mo 
skilfully conceived flattery, he at the same time inspired his listen 
ers with genuine respect 

“10. From Alexander, the grammarian, let me learn to } 
sparing of rebuke. Should any one, in my hearing, use a barbar 
ism, or a solecism, or mispronounce a word, let me, like him r 
frain from breaking in with a reproof, but, with what tact I may 
say what the speaker ought to have said, under pretence of cor 
roborating his arguments or contributing something to the que 
tion at issue, avoiding all reference to the disputed phrase— 
at least try to use some similarly inoffensive mode of correction 

“11. From Fronto comes the reflection that jealousy, in 
sincerity, and hypocrisy are the usual concomitants of a crown 
and that, in general, our so-called nobility is deficient in th 
natural affections. 

“12. The example of Alexander, the Platonist, admonishe 
me neither in conversation nor in writing to use the excuse 0 
‘urgent affairs,’ save rarely and in.cases of absolute need, les 
through thus continually pleading the stress of business, I com 
to shirk my relations and obligations to my fellow-men. 

“13. From Catulus let me learn not to despise the complain! 
of a friend however irrational it may be, but strive to restore ow 
former relationship; to be ungrudging in the praise of my teache 
bearing in mind the example of Domitius and Athenodotus; and 
finally, to love my children as sincerely as he loved his. 

“14. My brother, Severus, taught me to love truth, justice 
and my friends 

“15. The example of Maximus may remind me to exercist 
self-control and not lightly to change my attitude on any point 
to imitate his cheerfulness under all circumstances, especially it 
sickness, and his temperate, sweet, and venerable character. He 
did the work he was called to do without complaint, and no ont 
could doubt but that what he said he meant, and what he did he 
did to good purpose. Nothing surprised or confounded him; 
without haste and without rest, he was never at a loss, never d 
jected; his countenance never wore a forced smile; he neve 
gave way to anger and never cherished suspicion. He wearied 
not in well-doing, loved mercy, hated falsehood, and gave the 
impression of a man who needed not to correct himself, becaus¢ 
he never went astray. No one could ever imagine either that 
Maximus looked down on him or that he was superior to Maxi 
mus. His wit, too, was bright, but inoffensive. 

“16. From the father that adopted me, let me learn to be 
gentle; to take no decision without careful investigation, but 
then to hold fast to the anchor of truth; not to be deluded into 
the pursuit of what men call honour, but to labour and faint not; 
to lend a ready ear to all who may propound something to the 
common good; and to reward every man according to his deserts 
without fear or favor 
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ECENTLY an examination of some of the older 
chemical and alchemica! treatises to be found in 
the library of Trinity College revealed a copy of 

e “Coelum Philosophorum” (Heaven of the Phi- 
losophers) of Philipp Ulstad. A study of all available 
bibliographical material (1-6) showed that this copy, 
printed by Griininger of Strassburg in 1527, belonged to 
the hitherto unrecognized first German edition. Be- 
coming interested in the book, we have gathered to- 
gether all available information on the author, the 
several editions and the contents of the work itself. 
During the course of this work we have received many 
helpful suggestions from Professor Tenney L. Davis of 
the Massachusetts Institute of Technology, and we are 
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monishe 
-xcuse W§ indebted to him for being allowed to examine a copy of 
e the 1572 Latin edition (Leyden) of the ‘‘Coelum Phi- 





losophorum.” We have also examined a copy of the 
1550 French edition (Paris) which is in the Widener 
Memorial Library of Harvard University. 

The treatise “‘Coelum Philosophorum’’ was first 
printed in Latin at Freiburg in 1525 and the last of ap- 
proximately twenty-three editions appeared in 1739. 
The work was translated into German, French, and 
perhaps into English (1). Because of the numerous 
editions, copies of the book are not scarce today. Copies 
of the French edition of 1550 (Paris) and the Latin 
edition of 1572 (Leyden) have recently been offered for 
three hundred fifty and two hundred twenty-five French 
francs, respectively (7). 

Despite the widespread interest in the treatise very 
little is known about its author. Ulstad (Ulstadius) 
was a Nurenburg “‘patricius’” who taught medicine at 
the Academy in Freiburg during the first half of the 
sixteenth century. His only other known work is a 
small book on the plague (Basel, 1526, 8°). He was 
well known for his various medicinals, the preparation 
of which forms the subject matter of the “‘Coelum Phi- 
losophorum.”’ According to our present definitions of 
the word, Ulstad was an alchemist. He did not con- 
sider himself one, however, probably because he was 
much less interested in transmutation than in the ex- 
traction of the Quintessence and its use in various me- 
dicinals. 
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* Presented before the Division of the History of Chemistry at 
the ninety-sixth meeting of the A. C. S., Milwaukee, Wisconsin, 
September 5, 1938. 

t Present address: University of New Hampshire, Durham, 
New Hampshire. 
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PHILIPP ULSTAD’ 





The following compilation of the various editions of 
the ‘‘Coelum Philosophorum” was prepared with the aid 


of the bibliographical works already cited: Latin 
Editions 1525, Freiburg, small folio; 1526, Strassburg 
(Argentorati), folio; 1528, Strassburg, folio; 1535, 


1538, Strassburg, 8°; 1543, Paris, 
1551, Strassburg, folio; 1553, 
1555, Strassburg, folio; 1557, 
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Strassburg, folio; 
8°; 1544, Paris, 8°; 
Leyden (Lugduni), 12°; 






































FIGURE 1.— TITLE PAGE OF THE ‘“‘COELUM PHILOSOPHORUM”’ 
OF PuHitipp ULSTAD, STRASSBURG, 1527. THE USE OF A 
CoNCAVE MIRROR IN CONCENTRATING THE Sun’s Rays 
UPON A FLASK Is ILLUSTRATED 


Leyden, 12°, with ‘‘Directorium Summae Summarum 
Medicinae” of J. A. Campesius; 1571, Leyden, 12°; 
1572, Leyden, 12°, with ‘“‘Directorium Summae Sum- 
marum Medicinea’’ of Campesius and ‘‘Rosarium Phi- 
losophorum”’ of Arnold de Villanova, and so forth; 
1600, Frankfort (Francofurti), 12°; 1630, Strassburg, 
8°; 1680, Augsburg (Augustae Vindelicorum), 12°, 
with “Directorium Summae Summarum Medicinea”’ of 
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Campesius and ‘‘Rosarium Philosophorum”’ of Arnold 
de Villanova. French Editions, 1546, 1547, 1550, Paris, 
all in 8°. German Editions, 1527*, Strassburg, folio 17 X 
25 cm., with ‘‘Regiment des Lebens’” of Marsilius 
Ficinus; 1551, Frankfort, folio, with ‘Regiment des 











FIGuRE 2.—‘‘Tu1s OVEN IS SHOWN HERE FOR IDLE PRACTI- 
TIONERS OF THE ART WHO HAvE TIME TO DiIsTIL IN IT 
aqua vite AND OTHER THINGS WuHIcH Must BE DONE IN A 
LEISURELY Way. SucH THINGS HAVE BEEN PROVIDED 
BY THE OLD SCHOLARS AND EXPERIENCED PHYSICIANS FOR 
THE BENEFIT OF THE HUMAN Bopy, To KEEP IT IN HEALTH 
witH Gop’s HELP”’ 


Lebens”’ of Marsilius Ficinus; 1739, Dresden and Leip- 
zig, 8°. 

The ‘‘Coelum Philosophorum’’ is essentially a treatise 
on the preparation of the Quintessence for use in medi- 
cine. We have detected no mention of transmutation 
in this book although the use of aqua vite for the 
solution and purification of gold is often mentioned. 
For the most part the Quintessence or elixir takes the 


* Our copy of this edition bears the book-plate of ‘‘Georgius 
Klotz, M.D. Francofurti ad Moenum.”’ It was presented to the 
library of Trinity College in 1883 by Mr. J. J. Cook of Providence, 
Rhode Island. The book is in an excellent state of preservation. 
A few chapters are incorrectly numbered; comparison with the 
Latin edition of 1572 (Leyden) shows that the material in both 
editions is the same. There are one hundred fifty-six pages, 
numbered alternately. 
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form of aurum potabile (drinkable gold) which ae. 
cording to some authors was a colloidal suspension of 
gold formed by the action of organic reducing agents on 
solutions of gold salts. Although the usual manipula 
tions are mentioned, emphasis is placed on distillation 
and the title page illustrates the use of a concave mirror 
in concentrating the rays of the sun on the distilling 
vessel. 

The purpose of the work is clearly set forth in the 
letter of dedication. 

“To the mighty and noble Felix von G. at Valentz, 
master and relative: greetings from Phillipp Ulstad. 

“May your good health be the greatest favor to be be- 
stowed on me. I myself am quite well by the grace of 
God, my dear Felix. I have often and long considered 
how I might show my gratitude for the countless favors 
you have done for me, well knowing that no vice ina 
person is more to be condemned than ingratitude. 
Therefore I have decided to dedicate to you this poor 
gift. Small it may be, yet I have compiled it with the 
expenditure of all the diligence at my command from 
the works of many masters by means of much reading 
and industrious investigation. Nor do I doubt that 
you will receive and accept it joyfully and with a good 
will. Although it is very brief and concise in its form I 
am sure it will bring you some enjoyment and pleasure, 
partly because it is like unto a coffer or receptacle for 
both the old and the new medicines and remedies. An- 
other reason is that the greatest investigators of the 
secret mysteries of natuie, Johann de Rupescissa, Ray- 
mond Lulle, Arnold de Villanova, and Albertus Magnus 
have written obscurely of these things and have de- 
scribed philosophy as well as medicine and alchemy. In 
this way few people or indeed almost no one of our times 
has been able to understand them which I consider to be 
because of the fact that they have not done much con- 
sulting of the old teachings and books, for I notice that 
the books of Raymond, “Liber Mercuriorum Testa- 
mentum”’ or ‘‘Codicillus’” or others by him, come into 
the hands of but few people and are seen by few, and 
even now we can scarcely obtain these books if we want 
them. Likewise I do not doubt, nor is it unknown to 
me, that some people own good books which, however, 
are belittled by those unacquainted with the phenomena 
of nature and are regarded as lies. Because of this, 
therefore, I shall not be unduly concerned lest the fruit 
or harvest of my labors be ridiculed, since that very 
thing has also happened to the great master of the art, 
Raymond Lulle. As there has been no lack of envious 
mockers in the case of such a splendid teacher I can 
readily suspect that they will also not spare my book 
or me with their malicious envious tongues. Many 
highly learned philosophers who lay snares for our art 
will be greatly displeased that a work is now appearing 
which contains a great many truths hitherto kept 
secret. On the other hand the uninitiated will berate 
me incessantly, not out of envy of my work, but be- 
cause they cannot understand it. Therefore, my dear 
Felix, take this work or labor under your protection, 
since it does not come for the sake of praise and fame 
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but only to serve the common good. God bless your 
life as the pride and prince of the Delphinate. May I 
always remain in your favor. Freiburg in the Con- 
federacy, on the Monday after the Day of the holy 
knight Saint George, 1525.’”’ In the Latin edition of 
1572 (Leyden) this letter is dated 1543. The error 
probably was copied from earlier Latin editions. 

The ‘‘Foreword”’ is interesting because in it Ulstad 
makes the usual claim of clarity, as was the custom of 
the alchemists. 

“Of course there is no one who does not know that the 
old masters and writers have made a large number of 
famous and fine books about the Quintessence the 
golden draught and the water of life.* The same thing 
has also been done by the descendants of the older 
writers but they have shortened, curtailed, and ob- 
scured the older and longer books to such an extent 
that sometimes a very industrious and adept practi- 
tioner of the art is more often led astray than helped 
usefully and advantageously onto the right path for 
achieving his aims. In view of this fact we have not 
wanted to neglect giving more accurate written infor- 
mation, in which both a fundamental understanding of 
this art as well as an orderly arrangement of its problems 
are given. By this means we can perhaps achieve our 
goal and bring our project to a successful outcome. 
We confess, indeed, that we have written this book 
somewhat prematurely and rapidly with plain un- 
adorned language. Let this be regarded because of 
the following: first, so that this art will no longer cause 
delay to puzzled practitioners, and second, so that inex- 
perienced beginners may understand it so much the 
better. And so we shall begin with our instructions, 
first pointing out a general rule.”’ 


A GENERAL RULE 


“The heaven of the philosophers, or wise masters, 
possesses completely the power or strength of the stars 
of whatsoever complexion, nature, or property they 
may be. This has been shown by Raymond Lulle, 
Arnold de Villanova, and Johann de Rupescissa.”’ 

It is apparent from the following extract that Ulstad 
did not consider his labors alchemical in nature. 

“However I do not contend that the ancients have 
not found many such ways to dissolve gold. They 
have done this more with reference to alchemy than to 
medicine. Therefore many of them have been de- 
ceived by such art, thinking to obtain the Quintessence 
from such gold. Although gold is in many things and 
has the weight, ring, and glitter of gold, nevertheless in 
our times it is known to be false by careful testing and 
experimenting, if, when beaten as thin as possible it is 
dissolved in aqua fortis with other metals or observed 
through antimony. It will last but a short while so 
that one can observe very accurately the false and 
foreign coloring. And therefore Arnoldus de Villanova 
says, ‘The wine in which a golden lamina has been 
quenched forty or fifty times has been regarded by 





* In the German ‘‘Wasser des Lebens.”’ 
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some as an aurum potabile, and thus also Johann de 
Rupescissa says that the same wine is improved if one 
calcines the gold and converts it into a very fine powder 
or cuts it into small pieces after beating it as thin as 
possible.’ 

“But this same manufactured gold has no power to 
preserve human life, it is a deception and a delusion. 
For what alchemist can boast that he has ever made 
gold without a poisonous substance (such as mercury) ? 
And therefore undoubtedly the gold of the alchemists, 
although it has the color of true gold and indeed its 
form and shape, sound and weight, nevertheless does 
not have the virtues and powers of the gold of the ores 
of the earth. Therefore such a Quintessence can be ex- 
tracted from wine according to the beliefs and teachings 
of the ancients.” 

The first nine chapters of the book are devoted to a 
discussion of the manipulative technics used. These 
technics are illustrated by means of woodcuts referred 
to in the text. Then follow twenty-eight separate reci- 
pes for the preparation of the Quintessence or aurum 
potabile from a wide variety of substances including 
gold, spices, fruits, flowers, precious stones, antimony, 
honey. These receipes lead to products of varying 
volatility and potency. Two are quoted. 


‘HOW TO MAKE AN AURUM POTABILE FROM PRECIOUS 
STONES” 


“If you wish to make an aurum potabile from pre- 
cious stones such as emeralds, sapphires, rubies, gar- 
nets, jaeinths or pearls, the way is shown here. You 
must grind them all to small bits on marble. And put 
this powder in the above-mentioned elixir, circulate it 
for a while in a pelican and afterward distil it. And 
this water dissolves everything and rises up as if it were 
flying. And if you make it rise up over gold it no longer 
rises up afterward. And this is among the most secret 
things of nature. Now we shall continue by making 
the above-mentioned white earths rise up so they ob- 
tain the nature of the Quintessence to dissolve gold or 
silver. Therefore take equal amounts of the white 
matter, of gold and of silver and take an equal weight of 
the above-mentioned elixir. And when the gold is dis- 
solved put it into a curcurbit which is not too high, for 
it should not make the liquid higher. And cause it to 
rise up through an alembic. And when it has risen up, 
continue in the proper way—.” 

‘““A second way to extract the Quintessence without 
any effort or heating is this. Take the best aqua vite 
that you can find. Put it in a vessel with a long neck 
which has an opening at the top end. This is to be 
closed and sealed with wax as will be shown later, so 
that it will hold the liquid. Turn the vessel upside 
down and put it with the neck in dung as was described 
before so that the coarse part of the matter will settle 
to the bottom of the distilling vessel; and when it has 
been buried for a long time in the dung draw it out 
carefully the way you put it in..... Then you will see 
the clean part separate from the unclean and the fine 
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from the coarse. All the coarse matter will be in the 
neck of the vessel. Therefore run a sharp awl from be- 
low through as far as the liquid. Then draw out the 
awl and the coarse part of the earthen matter which has 
settled in the neck will run out. Then plug up the 
vessel with the finger and turn it over. That remaining 
in the vessel is the Quintessence One can also find 
easier methods for the needy and the poor who are not 
able to afford the oil and other expenses and industry 
for this work Do not regret the expenditure of a 
little money and time. When you complete the work 
you will find thousands of uses for human life in it.”’ 
(An index finger in the margin emphasizes the last two 
sentences.) 

A few attributes of the Quintessence are described. 

“Therefore know that the element of water, or the 
phlegm is useful for all hot and cold sicknesses of the 
body if one takes a bit of it in the morning and evening. 
Thus also the above mentioned Quintessence, aurum 
potabile, and aqua vite are for many ills. It tones and 
tempers all the veins about the heart and expels all 
poison from them. It also helps or cures all threatening 
defects of the lungs. It purifies the blood and preserves 
a man from all deterioration in his vigor. It also helps 
all sick persons, no matter what disease they may have. 
The element of air is like an olewm and has this power. 
It protects the young people in their strength and 
beauty if they partake of it in their food. It does not 
allow the blood to become torpid. It burns up and ex- 


pels all salt phlegm and removes the ‘melancoley’.... 
The element of fire has this power: if one grinds up a 
bit of it the size of a wheat kernel and mixes it with 
good wine and pours it in the throat of the sick (or in- 
deed half-dead) man, it will restore and revive all his 


lost forces and powers If you would help a man 
who is at his last gasp and about to die give him but 
one grain of the oil of the fiery element and he will re- 
cover at once so that all watchers will be amazed at it 
and say that it is a miracle or a great supernatural 
event. This is held and confirmed by Raymond 
Lullus.” 

The ‘“‘Coelum Philosophorum’’ also contains fourteen 
recipes for the preparation of aqua vite which is to be 
used for certain ailments such as dropsy, gall-stones, 
sterility, and so forth. The uses to which one puts a 
preparation designed “‘for men of cold complexion or 
who are in cold lands’’ are interesting. 

‘“.,. good for paralysis of the brain or stroke... for 
pox or spots on the face and for all failings or pains in 
the eyes. It also helps wondrously in all diseases of 
the teeth. If a comb or brush is dipped in it and used 
on the hair, then the hair will not become gray or at 
least very slowly It drives away ear-worms. It 
strengthens and warms a cold stomach if one drinks it 
with wine and rubs the stomach with it. It also re- 
stores the hearing if one puts it in the ears on a piece of 
cotton. Wounds washed in it heal marvelously. It 
does not let rotten flesh grow. It is good for all poisons 
if drunk on an empty stomach Good for trembling 
of the limbs and for bad odor of the mouth or nose 
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Albertus praises it highly for its marvelous effect on 
paralysis.” 

The exact nature of this aqua vite is not clear. One 
might suppose that it was alcohol for in the French 
edition of 1550 (Paris) it has been translated “vin” 
and“ eaue de vie.”” We prefer, however, to leave it un- 
translated. Ulstad himself used the Latin expression 
aqua vite. In one place he identifies it with the Phi- 
losopher’s Stone. 

“When it is properly prepared it is called aqua vite 
because by means of it gold can be dissolved and re- 
fined. This is truly (and it is not salt as some say) 









































FicurRE 3.—AN ATHANOR, OR DIGESTING OVEN 


the stone called lapis philosophorum rectificatus (in 
German, ‘der gerechtfertige Stein der weisen Meister’) * 
and has separated the Quintessence from the four ele- 
ments.{ In it is hidden a spirit of each separated ele- 
ment, the phlegm being the spirit of water, the oil that 
of air, the fire water being really water and the calcined 
remnants are actually the element of earth. The es- 
sence thus reverberated, calcined, and‘ dissolved and re- 
calcined in the above-mentioned manner is changed 


* Parentheses in original. 

t Professor Davis has called our attention to the fact that 
Raymond Lullus mistook alcohol for the philosopher’s stone be- 
cause he believed that since it preserved meats from putrefaction 
it also preserved living tissue and became a veritable elixir of life. 
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into a stone with which one fixes or makes stable all 
spirits. For it has the highest power of spiritualness 
and the lowest power of corporealness. And that is 
why Hermes says ‘the highest is the lowest and the 
lowest the highest.’ It is a unique essence to make 
gold perfect and to dissolve all other metals because it 
always keeps its power and its strength. It includes in 
one essence all the substance of the four qualities or ele- 
ments, in which essence is contained the secret of all 
hidden secrets of nature. Therefore the ‘natural 
master’ (Aristotle) says that the stone rises from the 
four destructible quantities to heaven, which is inde- 
structible, and the stone descends again down to earth 
as he showed in the words he previously said (‘the 
highest is the lowest and the lowest the highest’). Thus 
it has the power of the Quintessence to fix the metals 
which grow out of the earth for the stone is an elixir, 
and it is like a crystal which contains in perfection the 
essence of mercury, mother of all metals. When this 
Quintessence is mixed with the stone and gold leaves 
added, they are dissolved through the complete pene- 
tration of the stone. The remaining refined substance 
concealed in the Quintessence can be transformed into 
an aurum potabile which guards against many illnesses 
and brings health.” 

Many of the illustrations which appear in the Trinity 
College copy of the ‘‘Coelum Philosophorum” are prob- 
ably identical with those which appear in the folio 
editions of Geber’s works printed by Griininger during 
the early years of the sixteenth century (1). The same 
illustrations appear in Brunschwick’s ‘Buch zu Dis- 
tillieren”’ also printed by Griininger in 1519. Two of 
these are reproduced in Read’s “Prelude to Chemistry”’ 
(8). The economy practiced by printers is also illus- 
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trated by the fact that in the ‘“Coelum Philosophorum”’ 
one cut has been used to illustrate two operations. A 
flask is first shown in an upright position to illustrate 
storage of a liquid. The cut is then inverted to illus- 
trate filtration of the liquid through a porous plug in the 
neck of the flask. 

The illustrations used in the Latin edition of 1572 
(Leyden) and the French edition of 1550 (Paris) are 
much the same as those of the early German edition. 
They are somewhat less ornate. This may have been 
because of the fact that these editions had a consider- 
ably smaller page. 

The ‘Regiment des Lebens’’ of Marsilius Ficinus 
which follows the “‘Coelum Philosophorum” in the 
Trinity College copy (pagination continuous) is pref- 
aced by the following. 

“‘Here follow extracts by Marsilius Ficinus from the 
best selected good precepts and medicines. This is not 
so great an art as the preceding description of how to 
make the Quintessence, aurum potabile and aqua vite, 
although it is nevertheless a true art. It is by Mar- 
silius, about his long life and the remedies and habits 
which he learned and practiced, strengthening his life 
by such régimes and maintaining it in good health until, 
by the grace of God, he enjoyed a peaceful old age to his 
116th year, and was still alive in Italy in 1491.” 

Then follows a series of paragraphs on eating, re- 
freshing and strengthening life, prolonging youth, and 
so forth; finally a list of remedies for eighty-three ail- 
ments among which are headaches, baldness, bad 
breath, toothache, ugly complexion, bed bugs, warts, 
“three day fever,’ ‘‘four day fever,” red face, pound- 
ing, trembling and quivering of the heart, and so forth. 
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METHODS OF FIRE MAKING USED BY EARLY MAN—A CORRECTION 


Two errors appear on page 42 of this article which 
appeared in the January, 1939, issue of the JouRNAL. 
The correct versions of the two sentences in question 
are as follows: “A hardened, high carbon steel with 
carbon content of */, per cent. or more gives bright, 


thin, forked sparks, an example being a file, which 
contains over one per cent. carbon. Steel of a lower 
carbon content, about '/: per cent. gives a short spark, 
less readily.” 





ELECTROCHEMISTRY of 


RARE METALS 


COLIN G. FINK 


Division of Electrochemistry, Columbia University, New York City 


A brief account is given of the electric furnace and elec- 
trolytic cell developments in the field of the rare metals. 
Many of these metals, although used in industry today in 
comparatively small amounts, nevertheless, perform a serv- 
ice that is frequently most fundamental. Thus for ex- 

‘ample, modern industry and civilization considers rare 
metals such as cesium, barium, tungsten, and cobalt well 
nigh indispensable. 

Three of the major modern industries are fundamen- 
tally responsible for the commercial production of many 
of the rare metals only recently considered ‘‘impossible”’ 
or most difficult to isolate or to obtain in quantity: the 
electrolytic copper and zinc industries; the automotive 
industry; and the vacuum tube industry. 


++ + + + + 


strides have been made in the commercial de- 

velopment and utilization of a large number of a 
group of so-called ‘“‘minor metals” heretofore classed 
as museum specimens or ‘‘curiosities.””’ This develop- 
ment in rare metallurgy has gone hand in hand with 
developments in other fields, notably in the field of 
vacuum technology, comprising the manufacture of 
electric lamps, radio tubes, photoelectric cells, mercury 
are rectifiers, and other glass-enclosed apparatus and 
devices. Next to vacuum technology’s demands on the 
metallurgist have been the demands of the building 
and transportation industries for metals and alloys 
that are stronger and lighter, that are more resistant to 
fatigue and to corrosion, that are cheaper and better 
than any metals and alloys ever produced in the past. 
To appreciate the radical changes that have come about 
in the building and transportation industries we might 
recall that it is less than a generation ago that airplanes 
were constructed largely of wood and that stone was 
considered an essential element in building construc- 
tion. 

To recount in detail the many interesting develop- 
ments in the electrochemistry of those rare metals that 
have contributed so largely to many of the present-day 
enterprises, such as cinematography or television, would 
lead far beyond the scope and purpose of the present 
communication. Accordingly we shall confine our- 
selves to the selection of a number of typical cases. 

In general, it is interesting and gratifying to record 


cn. the last fifteen or twenty years great 


* Presented at the Tenth International Congress of Chemistry, 
Rome, Italy, May 14-21, 1938. 


that electrochemistry contributed fundamentally in 
meeting the most exacting demands of the various 
twentieth century industries. With the aid of the high 
temperatures attainable only in the electric furnace, 
with the clean and convenient methods of heating by 
electric induction, and the efficient and completely 
controllable reduction and oxidation by electrolysis at 
relatively low temperatures, it has been possible to 
evolve products heretofore not possible by non-elec- 
trical methods. 

Generally applicable, too, in the development of the 
various new electrochemical metals and alloys, has been 
the observation that as soon as the demand for raw 
materials from which certain rare metals are derived 
becomes sufficiently insistent, chemists, geologists, 
miners, prospectors, and explorers from all over the 
world respond and often, sooner than one would expect, 
locate deposits of commercial importance. The classi- 
cal case of thorium is typical. The rare minerals 
thorite and orangite of Scandinavia (there is also a 
small percentage of thorium found in the lava of Vesu- 
vius) soon gave way to the relatively abundant deposits 
of the monazite sands of Brazil. 


THE ALKALI METALS 


Lithium is more abundant in the earth’s crust than 
either zinc or lead or tin. It occurs chiefly as com- 
plex silicates such as spodumene and lepidolite. The 
metal is produced upon electrolysis of a fused bath 
(450°C.) of lithium chloride and potassium chloride 
(about 1 to 1 in proportion). The cell is similar to that 
used for fused NaCl. Lithium chloride, which is very 
deliquescent, is an important salt in the air-conditioning 
industry. This industry accordingly assures the elec- 
trometallurgist of an ample supply of lithium chloride. 
Metallic lithium is very active chemically and on this 
account it is a valuable scavenger. Its advantage over 
other scavengers is the low melting point of the prod- 
ucts formed and the ease with which they rise to the 
surface of the molten steel or other metal being treated. 
A remarkable lithium alloy is scleron (83 Al; 12 Zn; 
2 Cu; 0.75 Mn; 0.5 Fe; 0.5 Si; and 0.1 per cent. Li). 
The introduction of but 0.1 per cent. lithium imparts 
physical properties to this aluminum-zinc alloy that 
approach those of steel. Lithium combines with hy- 
drogen to form the solid hydride LiH. Upon fusing 
this (680°C.) and electrolyzing, lithium goes to the 
cathode and hydrogen to the anode. 

Potassium.—As is well known, about ninety-five 
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to ninety-seven per cent. of the potash salts produced 
in the world are used as fertilizer. The remaining 
three to five per cent. represents an annual production 
of about one hundred million kilograms of K,O which 
is converted largely into chemicals such as chromates, 
manganates, bromides, and so forth. Only a small 
fraction is converted into potassium metal. The iron 
cell used for this latter purpose is charged with a mix- 
ture of about equal parts of KCl and KF which melts at 
about 600°C., that is, about 70° below the boiling point 
of metallic potassium. 


Following the pioneer experiments of Elster and 
Geitel, elaborate investigations have been undertaken 
at several laboratories, leading to the perfection of the 
potassium photoelectric cell. And although this cell is 
not as sensitive as either the rubidium or the cesium 
photoelectric cell, in particular in the red end of the 
spectrum, nevertheless the potassium cell is relatively 
cheap and has found many applications outside of the 
cinematographic and television industries. 


Rubidium and Cesium.—These metals are so very 
active chemically that they are preferably not produced 
until the moment they are needed. Both metals are 
used in photoelectric cells. In fact, without these 
metals the “‘talkies’’ and television would not be ad- 
vanced as far as they are today. Rubidium is ob- 
tained from carnallite (KCIl-MgCl6H.O) in which it 
occurs as a valuable impurity. The presence of ru- 
bidium is easily established with the aid of the spectro- 
scope. Cesium occurs in the mineral pollucite, a com- 
plex cesium-sodium-aluminum silicate from which it 
may be recovered by treatment with concentrated 
sulfuric acid and leaching with hot water. It can be 
separated from rubidium by converting both to the 
chlorides and then precipitating the cesium as the 
insoluble complex CsClISbCl;. Pollucite has been 
found in a number of localities, notably in Maine and in 
South Dakota. The pollucite of the Island of Elba is 
very much like that found in Maine. Ore containing 
fifteen per cent. Cs,O is now quoted in New York at 
fifteen dollars a pound (thirty-three dollars per kg.) 
which is much lower than the price a few years ago. 


Various methods of producing cesium metal have 
been tried out. The usual procedure today is to attach 
a miniature nickel crucible (4 mm. in diameter X 3 mm. 
deep) to the glass stem of the photoelectric tube and to 
place into this crucible a small pellet composed of a 
mixture of cesium chromate, chromic oxide, aluminum 
powder, and zirconium powder. We resort to the 
Goldschmidt reaction on a very small scale. The high 
frequency induction coil is placed over the glass bulb, 
the contents of the nickel crucible become heated, and 
cesium and chromium metal are produced. The 
chromium oxide plus aluminum reaction serves pri- 
marily as a local source of heat to ensure the complete 
volatilization of the cesium metal produced. The 
cesium metal (2 mg. per cell) is finally deposited on an 
oxidized silver plate which serves as anode. 
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METALS OF THE SECOND GROUP 


Radical changes have taken place in recent years in 
the. production of the metals magnesium, calcium, 
strontium, and barium. Although the method com- 
prising the electrolysis of the fused chlorides of mag- 
nesium, calcium, and so forth, is still employed at 
various factories throughout the world, a goodly propor- 
tion of the output of these metals is at present made in 
the electric furnace rather than in the electrolytic cell. 
One of the reducing agents commonly employed is 
carbon. The success of the process is primarily de- 
pendent upon the completeness with which the reverse 
reaction is prevented: 


MgO + C = Mg+ CoO 


To accomplish this, the carbon monoxide is quickly re- 
moved with a stream of cold hydrogen. As will be 
appreciated, the reaction, which requires a temperature 
of about 2200°C., is carried out in a closed electric 
furnace. Magnesium metal, which boils at 1090°C., 
leaves the furnace as a gas and with the aid of under- 
cooled hydrogen its temperature is suddenly lowered to 
about 175°C. 

Aside from the large-scale industrial development of 
magnesium and its alloys, such as Dow metal, in the 
automotive, aéronautic, and machine industries, very 
important applications of all of the metals of the mag- 
nesium group are based on their characteristic ‘‘getter’’ 
or scavenger properties. Calcium is a pioneer in this 
field and seriously competes with magnesium, the 
ideal scavenger for nickel, besides being one of the 
earliest getters for radio tubes. It was calcium metal 
that contributed so largely to the success of Ramsay 
and Rayleigh’s isolation of argon. Calcium as well as 
the other metals of the group will combine readily 
with every gas except the monatomic ones. Today 
calcium is used on a very large scale as a scavenger 
for the removal of impurities from molten ferrous and 
non-ferrous metals; it is also used for the removal of 
bismuth from molten lead. 

One of the common getters used in several vacuum 
tube works in America is an alloy of twenty parts of 
barium, twenty of strontium, and sixty of magnesium. 
A small pellet of this or similar alloy is placed in the 
radio tube and, after exhaustion and sealing off, the 
alloy is volatilized with the aid of a high-frequency coil 
placed over the tube. A goodly percentage of the resid- 
ual gases is converted into solid alkali earth metal 
compounds, and the remaining gas in the tube amounts 
to a mere ninety million molecules per cubic centimeter, 
a sufficiently small number for good tube performance. 

Of very special interest are the thermionic properties 
of barium. Barium is the very “‘heart”’ of the automatic 
telephone service. Usually a barium-oxide-coated 
filament is used. This same filament has contributed 
very largely to the success of the modern sodium and 
mercury vapor lamps. In the sodium lamps there is a 
small amount of neon. Upon closing the switch the 
barium ionizes the neon, the electric discharge through 
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the neon is established, the sodium globules become 
heated and vaporize, and thereafter most of the cur- 
rent is carried by the sodium vapor. 

A very small amount of barium metal {0.Q9 per cént.) 
alloyed with the nickel used as electrode in automobile 
spark plugs assures a steady and uniform spark per- 
formance. Furthermore, barium compounds intro- 
duced into the electric arc furnace result in a quieter 
operation of the arcs. 

Barium metal sells at five dollars per pound in New 
York. Calcium metal is quoted at seventy-five cents a 
pound when bought in ton lots. 

Beryllium.—Beryllium is included in the second 
group of the periodic system. This element usually 
occurs in nature as the mineral beryl. In the early 
development of the beryllium metal industry, about 
fifteen years ago, costly and complicated extraction 
methods were resorted to, involving high temperatures 
and fusions. Recently, as a result of investigations 
carried out at the writer’s laboratory and elsewhere, 
a relatively simple method has been devised for liberat- 
ing the beryllium from its mineral. The new process 
is based upon the fractional distillation of the various 
elements present in the ore, after the conversion of 
these into the respective chlorides. 

Beryllium metal is electrolytically produced from 
a fused salt bath. In Germany the fluoride bath is 
commonly used, whereas in America we prefer the 
fused chloride bath. Since almost the entire produc- 
tion of beryllium metal nowadays enters the copper 
alloy field, it has now become customary to use a molten 
copper cathode in the bottom of the fused salt bath into 
which the beryllium is deposited until its concentra- 
tion reaches approximately thirteen per cent. by volume 
or about three per cent. by weight. 

The rapid growth of the industrial applications of the 
2.25 per cent. beryllium-copper alloy has been most 
phenomenal. It is the first metal that has been able 
to compete with spring steel. Copper-beryllium not 
only has a fatigue resistance about equal to that of 
steel, but, furthermore, it is highly resistant to corro- 
sion and, finally, it is a fair conductor of electricity. 
Accordingly, when under certain exposed conditions the 
life of a steel spring is limited by fracture initiated by 
corrosion, frequently occurring at a mere point, the 
life of a beryllium-copper spring is extended indefinitely 
due to its high resistance to corrosion. Millions of 
copper-beryllium springs are now in daily use with- 
standing millions of repeated flexures. Even the intri- 
cate works of watches are made of this alloy today which 
makes them proof against stray magnetic currents. 
The copper-beryllium alloy is fabricated into a wide 
variety of articles: knives, hammers, chisels (that will 
cut low carbon steel), spatulas, coiled and flat springs, 
and many types of wire and strip parts, for various 
devices, that are subject to repeated flexures. 


METALS OF THE THIRD GROUP 


The important rare metals in the third group are 
gallium, indium, and thallium. Little research has 
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been done on the three other rare metals of this group, 
scandium, yttrium, and lanthanum, and although 
lanthanum is used to a small extent as ferro-lanthanum 
serving as the ‘‘flint’”’ in place of ferro-cerium in cer. 
tain types of cigaret lighters, little’ has been accom. 
plished in finding a well-defined field of general applica. 
tion for these three metals. On the other hand, con. 
siderable study has, of late, been devoted to gallium, 
indium, and thallium, due mainly to the fact that these 
three metals are now available in relatively large quan- 
tities. The outstanding metallurgical developments in 
the copper and zinc industries during the last twenty. 
five years are largely responsible for the recovery in 
quantity of an entire group of rare elements formerly 
almost entirely lost in process. 

Gallium.—Small amounts of gallium occur in many of 
the zinc ores and bauxites, often associated with in- 
dium and germanium. The present supplies of gal- 
lium are derived largely from the copper ores of Mans- 
feld, Germany. Here gallium accumulates in the 
aluminum phosphate residues. In the final stage of 
separation from molybdenum, tin, and other metals, a 
strong alkaline (NaOH) solution is electrolyzed and 
gallium precipitated at the cathode. A similar elec- 
trolytic refining step is employed in the recovery of 
gallium from leady zinc ore residues. Gallium metal 
has a relatively low melting point (29.5°C.). In the 
molten condition it adheres strongly to glass. When 
used in radio tubes it emits electrons freely. It does 
not oxidize readily and on account of its high boiling 
point it does not volatilize appreciably even at red heat. 
Electrochemists interested in rare metals will find 
gallium an interesting subject for research. The 
market price of gallium is about one dollar per gram. 

Indium.—Indium has, since 1932, been available in 
“commercial’’ quantities, that is, in quantities that per- 
mit more thorough investigation than formerly.. 
The usual raw materials are zinc residues. Upon care- 
ful addition of an ammoniacal sodium carbonate solu- 
tion to a dilute nitric acid solution of various impurities 
contained in the zinc blende, cadmium, zinc, copper, 
and nickel remain in solution and indium precipitates 
as the hydrate, In(OH)3;. Indium metal plates out 
easily from an alkaline cyanide bath. Indium melts 
at 155°C. and alloys readily with gallium, gold, lead, tin, 
thallium, cadmium, bismuth, and other metals. In- 
vestigations on indium are in progress at half a dozen 
laboratories in America, including our own, and 
results so far are particularly promising in the alloy 
and electroplating fields. In New York indium now 
costs approximately one dollar per gram. 

Thalliium.—Thallium occurs in zinc and in lead ores. 
It enters the market today chiefly as salts used for the 
extermination of rodents. Electrochemical studies of’ 
the metal have been most interesting and have re- 
vealed that good, smooth, adherent deposits of thal- 
lium metal are obtained from acid perchlorate baths. 
Similarly, alloys of lead and thallium are deposited 
from a perchlorate solution of the two metals. The 
alloys obtained are among the most corrosion-resistant 
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alloys known. Alloys containing from twenty-five to 
sixty per cent. of thallium and the balance lead are 
among the most insoluble anodes for mineral and acid 


solutions. 
METALS OF THE FOURTH GROUP 


Germanium, like gallium and indium, is a by-product 
of the zinc industry. The residues of the zinc retorts 
in the Joplin district frequently average 0.25 per cent. 
germanium. Separation of germanium from other 
metals in these residues is readily brought about by 
means of chlorine, the tetrachloride of germanium, 
GeCl, being comparatively volatile. In the electro- 
lytic zinc industry germanium is an objectionable im- 
purity; concentrations as low as 1 mg./Ge per litre of 
electrolyte result in serious losses in current efficiency. 

Germanium metal is very resistant to strong alkali 
solutions. It is also resistant to dilute sulfuric acid and 
concentrated hydrochloric acid. Now that germa- 
nium is more easily procured, the corrosion-resistant 
qualities of the metal merit further study. 

Zirconium.—To see dozens of spools with thousands 
of meters of zirconium wire and to see beautiful bright 
sheets of zirconium metal, emphasizes the recent re- 
markable progress made in the metallurgy of this rare 
element. The selling price of the metal is less than 
seven dollars per pound. Most of the zirconium 
metal produced today is as an alloy of iron and silicon. 
The alloy is made in the electric furnace, with silicon 
as the reducing agent. It serves as a valuable scaven- 


ger in the cast iron and steel industries, eliminating 
oxygen, nitrogen, and sulfur. 

Zirconium metal is usually made by interacting zir- 
conium chloride, ZrCl,, with magnesium or sodium. 
Zirconium metal wire is used in radio tubes as are like- 


wise the nickel-zirconium alloy wires. Zirconium sheet 
and zirconium-nickel alloy sheet are made into spin- 
“neret cups for rayon manufacture. 

Zirconium metal is very resistant to chemical attack. 
Hydrofluoric acid is the only acid that will dissolve the 
metal readily. The metal can be electroplated from 
baths containing sodium and zirconium sulfate. 


METALS OF THE FIFTH GROUP 


Vanadium.—The rare metals of this group are: va- 
nadium, columbium, tantalum and bismuth. There is 
no vanadium metal made as such, but large quan- 
tities of vanadium are produced as ferro-vanadium 
in the electric furnace. Formerly ferro-vanadium 
was made by the Goldschmidt reaction with finely di- 
vided aluminum metal used as reducing agent for the 
iron vanadate. The high cost of aluminum as a re- 
ducing agent and other factors led to the substitution of 
Silicon in place of aluminum. Ferro-vanadium is now 
made in the electric are furnace, with silicon used as re- 
ducing agent. 

Columbium.—Within the space of five years colum- 
bium has passed from the rating as a very rare and 
precious metal to one of everyday industrial applica- 
tion. In the study of the intergranular corrosion of 
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stainless steels, notably the 18/8 variety (eighteen 
per cent. Cr; eight per cent. Ni), it was found that the 
addition of small amounts of columbium effectively 
counteracted this corrosion. Immediately the world 
was searched for a commercial supply of columbium 
ore. A promising field is the Nigerian tin mines of 
Africa. The output has now reached about six hundred 
tons of columbite ore per year. The ore is converted 
to ferro-columbium in the electric arc furnace using 
silicon as a reducing agent. The ferro-columbium 
(fifty per cent. Cb) output is now in excess of one 
thousand tons per annum. 

In the production of metallic columbium we have 
found that we can deposit the metal on the high-speed 
rotating cathode from a sulfate-oxalate bath. Wehave 
also found that in place of the costly and cumbersome 
extraction of columbium from its mineral by fluoride 
fusion we can easily extract columbium, as well as 
tantalum, by treating the finely ground ore with an 
aqueous solution of oxalic and hydrofluoric acids. 

Tantalum.—The metal is now used extensively in 
chemical engineering due to its outstanding chemical 
and physical properties. It is highly resistant to cor- 
rosion; it can be hammered and drawn and welded. 
Stills and kettles are lined with tantalum sheet. It is 
used in making spinnerets for rayon; grids and plates 
for radio tubes; and chlorine-resistant needle valves. 
Seamless tantalum tubing is available in a wide range 
of sizes down to the small-bore tubing used in hypo- 
dermic needles. Tantalum carbide is very hard and 
competes with tungsten carbide. 

Bismuth—The lead industries of America have, 
during recent years, been promoting new fields of ap- 
plication for this metal. It sells today in New York 
at one dollar per pound and is used in low-fusing alloys 
for a wide variety of purposes. The Betts electrolytic 
refining process for lead was originally particularly 
attractive because it did recover the bismuth. The 
process has been in operation for over thirty years and 
is still considered one of the best. A relatively new 
development is the separation of bismuth from molten 
lead by the addition of calcium metal. 

Bismuth is readily electroplated from the perchlorate 
bath. Similarly, alloys of lead and bismuth are de- 
posited from a perchlorate solution of the two metals. 


METALS OF THE SIXTH GROUP 


Molybdenum is widely used both as metal and in 
steel alloys. The world’s annual production of molyb- 
denum has reached 90,000 metric tons so that rightly 
molybdenum should no longer be classed as a rare metal. 

Ferro-molybdenum is made in the electric furnace, 
and it is in this form that it is added to steel. Thin- 
walled, high-strength, chromium-molybdenum steel 
tubing has made modern high-speed airplanes possible. 
Molybdenum added to steel improves its toughness and 
fatigue resistance. Added to cast iron molybdenum 
eliminates porosity and increases the high temperature 
strength. 





Molybdenum metal as such is used extensively for 
parts of radio tubes. 

Tungsten.—Tungsten is no longer considered a rare 
metal. Its many steel alloys for magnets and high- 
speed cutting are too well known to need further 
comment here. We have been particularly interested 
in metallic tungsten. Of the two methods of producing 
ductile tungsten which we discovered over thirty years 
ago, the one by hot working and the other by special 
heat treatment, we recommend the latter as eventually 
becoming the preferred method. We have converted 
ordinary brittle tungsten into soft malleable metal by 
carefully eliminating the last traces of oxygen by heat 
treatment in hydrogen containing a small percentage of 
hydrocarbon. 

Tungsten metal and tungsten alloys are electroplated 
from alkaline solutions. The deposit is not as resistant 
to wear and corrosion as chromium. 

Uranium.—Uranium metal is produced by the 
electrolysis of the fused potassium uranium fluoride 
(KUF;). The metal is malleable and ductile. Large 
quantities of uranium mineral are available as a forced 
by-product of the radium industry. In spite of several 
distinctive properties of uranium metal, little use has so 
far been found. Its X-ray efficiency is about one- 
third greater than that for tungsten. 

Selenium and Tellurium.—Selenium and tellurium are 
both derived from the anode slimes of the electrolytic 
copper refineries. Although only a few years ago both 
metalloids were largely discarded and wasted, today 
they are carefully recovered. The outstanding de- 
velopment in selenium is its application in the new 
photoelectric cells of the cuprous oxide type. These 
cells are not based on the old principle of change in 
ohmic resistance with illumination but on the elec- 
tronic emissivity of a thin film of selenium when exposed 
- to light. 

Tellurium has become an important reagent in the 
purification of electrolytic zinc solutions. The addition 
of tellurium to the electrolyte assures a more complete 
removal of objectionable traces of cobalt. Of special 
interest, too, is the use of tellurium vapor in certain tube 
lamps. Ionized tellurium vapor radiates light similar 
to daylight with a continuous spectrum. The envelope 
is of quartz and the discharge through the tellurium 
vapor is started as in the case of the sodium lamp, with 
a little neon. 

Electrodeposits, a centimeter thick, of selenium and 
tellurium can be obtained from the fluoride-sulfate 
bath. Small percentages of selenium added to steel 
make it free machining. As in other cases, the selenium 
is added as a ferro-alloy. Similar effects on steel are 
obtained upon the addition of tellurium. Added to 
lead in small percentages tellurium makes lead more 
resistant to corrosion. Both selenium and tellurium 
are now available at two dollars per pound. 
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METALS OF THE SEVENTH GROUP 


Manganese.—Manganese metal of very high purity is 
now being electrolytically recovered from low-grade 
manganese ores. The electrolyte is an acid ammonium 
sulfate solution. The method promises to become ap- 
plicable to many manganese ore deposits heretofore 
considered worthless or uneconomical. 

Rhenium.—Rhenium is a rare metal associated with 
stibnite and is also present in certain electrolytic cop- 
per refinery slimes. The metal may be readily de- 
posited from acid sulfate solutions. We are still en- 
gaged in finding a wider application for rhenium metal 
plate. 


METALS OF THE EIGHTH GROUP 


Cobalt.—Aside from the platinum metals we include 
cobalt as a rare metal of the eighth group. It is rare 
when compared with iron and nickel of this group. 
However, cobalt is a metal of very wide commercial 
application. The electric furnace produces many tons 
of the alloy stellite composed of chromium, tungsten, 
and cobalt, one of the very best alloys for cutting tools 
ever developed. Another recently developed alloy 
is the strongly magnetic aluminum-nickel-cobalt-iron 
alloy commonly termed Alnico. Its magnetic qualities 
are far superior to those of the old four per cent. 
tungsten steel. Cobalt is the best cement for tungsten 
carbide. 

Cobalt occurs in Canada as smaltite associated with 
silver; in Katanga and Rhodesia associated with copper 
minerals and in Australia associated with sphalerite. 

Cobalt is readily electroplated from the acid sulfate 
bath. Very little nickel as such is plated in America 
today. The so-called “bright nickel’’ deposits are 
usually an alloy deposit of nickel and cobalt. A de- 
posit composed of one part of cobalt and two of nickel is 
the whitest deposit known. Even silver looks yellowish 
in comparison, due to.an unavoidable tarnish film on the 
silver. 

Finally of interest is the insoluble cobalt silicide 
anode which is more insoluble than platinum in a solu- 
tion containing all three mineral acids, sulfuric, nitric, 
and hydrochloric. 

Rhodium.—Rhodium is the most interesting of the 
platinum group metals from an electrochemical point of 
view. Millions of articles are, nowadays, rhodium 
plated, including intricately designed silver jewelry 
and large three-foot reflectors used for the beacons to 
guide the air pilots at night. The metal has a high 
reflectivity, is relatively hard and very resistant to cor- 
rosion. The sulfate plating bath is very stable and has 
been employed in our laboratories for years. 

The electrolytic nickel industry supplies a major 
part of the platinum metals today. One of these, 
palladium, deserves further intensive study. Com- 
paratively large quantities of this metal are available. 








CHEMISTRY EXHIBITS and PROJECTS 


LESLIE WATTERS* 


Ambridge Senior High School, Ambridge, Pennsylvania 


three months’ “home project”’ developed by the 
students as a portion of the regular chemistry 
It can be classed as purely student partici- 


(Y's: Chemistry Exhibits are the culmination of a 


course. 


pation. 
The students, working individually or in committees, 


select their projects and submit them to the instructor 








MopDELS OF A BLAST FURNACE WITH STOVES AND A BESSEMER 
CONVERTER. PROJECTS OF INTEREST TO Boys 


for approval and suggestions. Here the student is 
allowed to exercise any special talent or training. Pre- 
vious training in mechanical drawing; ability to pro- 


PROJECTS OF INTEREST TO GIRLS 


duce color combinations; originality in arrangement of 
materials; aptitude for collecting pertinent facts; skill 


* Present address: Herron Hill Junior High School, Pitts- 


burgh, Pennsylvania. 


in manipulating mechanical tools; all are called into 
play by each individual or committee during the plan- 
ning and execution of the projects. 

A period of general reading follows, during which 








OF A WATER SOFTENING AND PURIFYING PLANT. 


PROJECT OF INTEREST TO Boys 


MopDEL 


articles pertaining to school projects and school ex- 
hibits are read. Commercial exhibits appearing in 
local stores are carefully studied and discussed. The 


Projects OF INTEREST TO GIRLS 


teacher remains in the background as much as possible, 
acting only in an advisory capacity. Except for a por- 
tion of one class a week, which is reserved for the dis- 
cussion of pertinent questions, all work on the projects 
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is completed outside of the regular classroom. This 
preparation period consumes about four weeks. 

Finally, all known sources are solicited for materials. 
Agencies advertising the various subjects of the projects 











MobpELs or O1L WELLS WITH A WALL CHART OF PETROLEUM. 
PROJECTS OF INTEREST TO Boys 


are approached. Students, carrying letters of introduc- 
tion from the principal of the school, visit the local 
industrial plants and those in other cities. For ex- 
ample, two boys working on the subject of ‘“‘Asphalt” 
spent twelve hours under the supervision of the chief 
chemists of a local plant. The town chemist furnished 
valuable information on milk- and _ water-testing. 














Mops. oF A CHARCOAL PLANT. 
Boys 


Project OF INTEREST TO 


Local industries such as the steel plants, water works, 
ice plants, and dairies provided additional sources for 
material. 

On a prearranged date all projects are brought to the 
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school, and the class periods during one day are spent 
in decorating the gymnasium (using decorations saved 
from previous parties), arranging projects, mimeo- 
graphing, and sending out invitations. Special invita- 
tions are sent to the parents of students taking the 
course and to the parents of students electing chemistry 
for the following year. The exhibits which last two 
evenings are open to the general public, and managed 


PROJECTS OF INTEREST TO GIRLS 


by the students, many acting as guides to the parents 
and other interested visitors. 

The chemistry “home projects’ and exhibits serve a 
fivefold purpose. First, the student is allowed to 
exercise his creative ability, highly motivated by the 
thought that his work might be displayed before his 
parents and friends. Second, during the completion of 
his project he is able to integrate many of the abilities, 








MopELsS OF A HOME REFRIGERATOR, CHARCOAL PLANT 
AND THE FRASCH PROCESS OF EXTRACTING SULFUR. PROJ- 
ECTS OF INTEREST TO Boys 


skills, and habits he had previously acquired. Third, 
the exhibition of his work, as a worthwhile product, pro- 
vides that satisfaction which is a necessary compensa- 
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tion for his effort. Fourth, the projects furnish, for 
future class use, a wealth of illustrative material, com- 
pact in form and well organized. Fifth, the exhibit 
serves as an advertising agency for the course. Stu- 
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dents are impressed by the wide scope in everyday life 
covered by chemistry. The favorable comments made 
by the parents show that they are convinced of the 
value of the course. 





SIMPLE APPARATUS FOR DEMONSTRATING BOYLE’S LAW 
EDWIN E. HAYS anp R. G. GUSTAVSON* 


University of Denver, Denver, Colorado 


EFFECTIVE teaching depends on recognizing the 
fact that all thinking is an organization of experience. 
The primary purpose of lecture demonstrations and 
laboratory work is to supply the experience on which 
thinking is to be based. The apparatus described in 
this article was developed for students taking college 
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chemistry without any previous chemical instruction. 
The apparatus consists of a syringe of 10 cc. capacity 
placed in a large test-tube, which in turn is connected 
with a mercury barometer. (A 10-cc. syringe with a 
broken plunger may frequently be obtained from friends 
among physicians or veterinarians.) The system is pro- 
vided with connections to a water aspirator. A con- 
venient volume is sealed off by placing the bottom of 
the syringe in a rubber stopper. A small light is placed 
in back of the tube containing the syringe to aid in 
reading the instrument. It is only necessary that the 
bottom of the plunger be intact. The inside of the 
plunger may be colored with black paint to aid in taking 
readings and to enable students to follow the move- 


* Present address: University of Colorado, Boulder, Colorado. 


ments of the plunger from a distance. Students cer- 
tainly are impressed as they watch the barometer read- 
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ings decrease to half values and the volumes in the syringe 
double themselves. This is especially true when the 
barometer readings are low, when a small decrease in 
pressure brings about a very large increase in volume. 
Readings may be taken and plotted on the blackboard 
to give a typical Boyk’s law curve. The instrument 
is not a precision instrument, but it does help the 
student visualize the pressure volume relationships. 





TRENDS in the ORGANIZATION of 
HIGH-SCHOOL CHEMISTRY 
SINCE 1920’ 


CARROL C. HALL 


Springfield High School, Springfield, Illinois 


IGH-SCHOOL chemistry is a traditional subject, 
having been firmly established in the secondary- 
school curriculum since about the middle of the 

nineteenth century. The process of curriculum build- 
ing in a traditional subject-matter field presents un- 
usual difficulties and high-school chemistry has proven 
no exception to this fact. Other characteristics of the 
subject also tend to make its organization difficult. 
Among them might be cited: its inherent difficulty of be- 
ing complex, the wide range of material covered, and the 
fact that it came into the secondary curriculum from 
the college course. 

In addition to those difficulties present in the subject 
itself, recognition must be given to the currents of con- 
temporary educational thought that are being reflected 
in all the subjects of the high-school curriculum. High- 
school chemistry has not been immune from the at- 
temps to “socialize,” ‘‘humanize,’’ or ‘modernize’ the 
secondary curriculum. Nor has it been omitted in the 
application of psychological knowledge in its organiza- 
tion. 

The matter of subject organization is frequently re- 
ferred to in educational literature. Beauchamp! points 
out that “after the objectives of a course have been 
formulated, the next step is probably that of determin- 
ing the general principles which shall function in the 
selection and organization of materials of instruction.” 
Heckert* in discussing organization concludes that 
“organization must therefore be an important end in the 
teaching process.” 

With the foregoing ideas in mind the author of the 
present study set about to collect and investigate ma- 
terial relative to the organization of high-school chem- 
istry and to discover the trends that have taken place 
since 1920. 

The term “‘organization’”’ as used in this study refers 
most specifically to the arrangement of the subject 


* The material for this article was abstracted from a thesis 
presented in partial fulfilment of the requirements for the Master 
of Arts degree in the Department of Education, of the University 
of Chicago. It was written under the supervision of Dr. W. L. 
Beauchamp. 

1 BEAUCHAMP, W. L., ‘‘Instruction in science,’’ Office of Educa- 
tion Bulletin No. 17, Monograph No. 22. Government Printing 
Office, Washington, D. C., 1932, p. 3& 

? HECKERT, J. W., “The organization of instruction mate- 
rials,’’ Teachers College, Columbia University, New York City, 
1917, p. 52. 


matter of high-school chemistry into the form in which 
it is to be presented to the pupil or used by the teacher. 
The term “trend” was defined as a pronounced tendency 
or inclination in a particular direction extending over a 
reasonable period of time, giving evidence that it repre- 
sents collective thinking rather than a purely individual 
opinion or innovation. 

The year 1920 was chosen as the date to begin the 
study because in this year the bulletin, “Reorganization 
of Science in Secondary Schools,’’* was issued. Fay‘ in 
his ‘History of Chemistry Teaching in American High 
Schools”’ states that this bulletin was probably the most 
influential statement of objectives made and turned the 
teaching of high-school chemistry from the earlier ob- 
jectives of mental discipline to newer ones more con- 
sistent with psychological knowledge and with the 
democratic concept of secondary education. 

The following steps were used in the development of 
the study: 

1. An analysis and investigation of various com- 
mittee reports of national educational societies made 
since 1920 that related to the organization of high- 
school chemistry. 

2. An analysis and investigation of articles appear- 
ing in three science education periodicals: Science 
Education, School Science and Mathematics, and the 
JOURNAL OF CHEMICAL EpvucaTION. The articles 
chosen related to the organization of high-school 
chemistry as heretofore defined and published in the 
issues dated from 1920. 

3. An analysis and investigation of various courses 
of study published since 1920. These courses were in 
the field of high-school chemistry. 

4. An analysis and investigation of a selected list of 
high-school chemistry textbooks published since 1920. 


THE TRENDS IN THE ORGANIZATION OF HIGH-SCHOOL 
CHEMISTRY INAUGURATED BY THE VARIOUS COMMITTEE 
REPORTS PUBLISHED SINCE 1920 


Including the report made by the Committee on the 
Reorganization of Science in the Secondary Schools, 


5 “Reorganization of science in secondary schools,” Bureau of 
Education Bulletin No. 26. Government Printing Office, 
Washington, D. C., 1920, 62 pp. 

‘ Fay, P. J., “The history of chemistry teaching in American 
high schools,’”’ J. Cem. Epuc., 8, 1545 (Aug., 1931). 
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more commonly referred to as the Bureau of Educa- 
tional Bulletin, No. 26, 1920, fifteen such reports have 
been published. The following organizations are repre- 
sented by committee reports: The National Education 
Association, The American Chemical Society, The 
National Society for the Study of Education, The 
University of the State of New York, The College 
Entrance Examination Board, The North Central 
Association, The Central Association of Science and 
Mathematics Teachers, and The Society for Curriculum 
Study. The committee reports of these organizations 
are nation-wide in scope and influence. 

For convenience in analysis the reports were grouped 
into three divisions; those reports that appeared early 
in the period of the study from 1920 to 1923, those that 
were published during the years 1923 to 1927, and those 
reports of a more recent period from 1926 to the present 
date. 

The committee reports published early in the period 
established definite trends in the organization of high- 
school chemistry. From a previous period during 
which the organization of high-school chemistry was 
based on the ideas of formal discipline, the acquisition of 
factual knowledge, and the preparation of the student 
for college, these reports shifted the emphasis of organi- 
zation to the development of the individual and the 
application of chemical knowledge to everyday life. 
From the traditional, descriptive pattern of subject- 
matter arrangement a trend was inaugurated to organ- 
ize the materials around topics designed to meet the 
new emphasis. 

The second group of reports appearing during the 
years 1923 to 1927 were concerned with the trend of 
correlating or articulating college and high-school 
chemistry. This was accomplished by setting up lists 
of minimum essentials for high-school chemistry. The 
publication of these lists tended to act as a conservative 
check on the trends inaugurated by the first group of 
reports. 

In the third group of committee reports, all published 
since 1926, the liberalizing trends which were in evi- 
dence at the very first of the period were resumed. The 
base of organization was enlarged from that of life- 
application to that of life-preparation. The trend from 
the acquisition of factual knowledge was to that of the 
development of habits, skills, and attitudes. The 
trend in social emphasis replaced that of purely indi- 
vidual development. The attempt to arrive at a more 
psychological basis of organization led to the arrange- 
ment of the subject matter in the form of science gen- 
eralizations. The topical organization was being re- 
placed by a trend to unit organization. 


TRENDS IN THE ORGANIZATION OF HIGH-SCHOOL CHEMIS- 

TRY AS REVEALED BY AN INVESTIGATION OF ARTICLES 

APPEARING IN THREE SCIENCE EDUCATION PERIODICALS 
PUBLISHED SINCE 1920 


The trend of current opinion on the problems of any 
subject is reflected in the articles appearing in profes- 
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sional publications. The following three science educa- 
tion periodicals were chosen for this study: School 
Science and Mathematics, the JOURNAL OF CHEMICAL 
EpucaTION, and Science Education. Of these publica- 
tions, only one, School Science and Mathematics, has been 
published throughout the entire period of the study. 
The JOURNAL OF CHEMICAL EDUCATION began publica- 
tion in January, 1924, and has continued from that date. 
Science Education was published under the title of the 
General Science Quarterly at the beginning of the period 
but in 1926 the present name was adopted and its scope 
enlarged to cover all secondary sciences. 

From the large body of material relative to the organi- 
zation of high-school chemistry that was found in the 
issues of these three science education periodicals pub- 
lished since 1920 it was determined that two items con- 
cerning the trends could be shown. They were: (1) the 
factors that have influenced the organization of high- 
school chemistry since 1920, and (2) the bases of organi- 
zation that have been proposed for new courses since 
1920. Each of these groups was further analyzed and 
studied to determine the predominant trends during 
the period of the study. 

It was found that the factors which have influenced 
the organization of high-school chemistry since 1920 
could be classified into five major types of articles. 
Each of these types was further analyzed to determine 
what trends were shown. 

In the first major type of articles were found the fac- 
tors of educational research and psychological findings. 
It was found that there is a trend to apply the methods 
of educational research to the organization of high- 
school chemistry. 

The second major type of articles dealt with the 
determination of the content of the high-school chemis- 
try course. Here it was found that the trend in organi- 
zation was away from the inclination to include more 
material and the development of an advanced high- 
school course to the search for chemistry material that 
would have value to all students. 

In the third major type of articles was the factor of 
trying to articulate college and high-school chemistry. 
Here it was found that early in the period of the study 
the trend was that of establishing a list of minimum 
essentials for the high-school course. It was further 
found that a later trend has developed in which scien- 
tific methods of study are being applied to the problems 
involved in the articulation of college and high-school 
chemistry. Both of these trends have affected the 
organization of high-school chemistry. 

The aims and objectives of high-school chemistry 
were the subjects of the fourth group of articles. Here 
it was found that the trend in organization was from the 
narrow base of college preparation of a previous era to a 
broader base of aims and objectives focused upon the 
development of a chemistry course to fit social needs, 
with application to life and with a cultural emphasis. 

The fifth major type of articles dealt with the relation 
of high-school chemistry to other subjects in the cur- 
riculum. Here it was found that the trend was to 
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organize high-school chemistry as an integrated part of 
the school program. 

In the twenty-eight new courses in high-school 
chemistry that were proposed in the issues of the three 
science periodicals published since 1920, the following 
trends in the organization of high-school chemistry were 
noted: (1) the trend from the organization of special- 
ized courses to those of a more general nature; as ex- 
emplified by pandemic and basic principles courses, and 
(2) the trend to a basis of organization of courses in 
which the method of instruction is implied; as exempli- 
fied by courses organized on the project-method, unit- 
method, or on the contract-method basis. 


TRENDS REVEALED BY COURSES OF STUDY PUBLISHED 
SINCE 1920 


The courses of study reviewed in this part of the 
study consisted of public-school courses published since 
1920 and a miscellaneous group of courses of study that 
did not fall into the above classification nor were in- 
cluded in those published in the periodical articles. 

A study of fifty-eight public school courses of study 
published since 1920 revealed that although four 
different methods of organization have been used only 
two could be considered as representing trends. The 
topical method of organization has been the dominant 
trend throughout the entire period of the study. Since 
1929 a trend has developed in organizing courses of 
study on the unit basis. 

The courses developed on the topical basis display 
marked uniformity in their makeup and content. That 
they are dominated by textbook organization is shown 
by forty-three per cent. of them being based directly on 
textbooks. 

The unit-method of organization shows more varia- 
tion and evidences of experimentation. All, however, 
tended to be based on divisions of the subject matter 
rather than life experiences. 

A study of the prefaces of the public-school courses of 
study showed that they had been influenced by the 
more liberal committee reports. A further trend was 
indicated by the inclusion of more preface material by 
the courses developed later in the period under con- 
sideration. 

A study of the aims and objectives as listed in the 
prefaces show an increase in the number appearing in 
the later years. They also tended to be more in line 
with the idea of a general cultural course than those 
published earlier. 

The second group of courses of study revealed a great 
deal of experimentation in the organization of high- 
school chemistry. These courses, all published since 
1933, revealed the following trends: (1) the develop- 
ment of a course as a part of a science sequence, (2) the 
development of a consumer’s chemistry course, (3) the 
development of chemistry workbooks which are courses 
of study employing the newest educational practices and 
teaching devices, and (4) a course developed to take 
care of individual differences. All these courses were 
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based on large divisions of the subject in the form of 
units or similar devices. 


TRENDS IN THE ORGANIZATION OF HIGH-SCHOOL CHEMIS- 
TRY AS REVEALED BY A STUDY OF CHEMISTRY TEXTBOOKS 
PUBLISHED SINCE 1920 


Since the textbook has been a dominant factor in the 
organizing of materials of instruction in American 
schools, forty-five high-school chemistry textbooks pub- 
lished since 1920 (this number includes revised editions) 
were studied to determine what trends in organization 
were evident in them. 

It was found that eighty-nine per cent. of the text- 
books published since 1920 were organized on a topical 
basis. The unit-organized textbooks accounted for the 
remaining number. One text organized for pandemic 
chemistry was published in 1936. 

The topical textbook organization presents the ma- 
terial in a descriptive and logical fashion. The books 
published with this organization bear a marked simi- 
larity. The chapter organization of the topical- 
organized text is also uniform in content. Little at- 
tempt is made to aid the learner other than the factual 
information presented. It is a common practice to 
place questions, exercises, or problems at the end of the 
chapter. It was also noted that various attempts were 
made to liberalize the topical organization in the books 
published after 1920. 

That a new trend is beginning in the organization of 
high-school chemistry textbooks is evidenced by the 
fact that since 1934 there have been published five 
texts organized on the unit basis. (One unit-text pub- 
lished in 1927; a revised edition of this text in 1930.) 
These texts focus the teaching of chemistry on the larger 
aspects of the subject. In general, the unit-organized 
textbooks used the Morrison-type unit. 

The significance of the unit organization is further 
realized by examining the organization of the material 
within the unit itself. Within the unit an effort is 
made to guide the learner in his study. This is ac- 
complished by means of a preview, by means of learning 
exercises throughout the assimilative material of the 
unit and by an extensive reviewing and summing-up 
process at the end of the unit. The method of instruc- 
tion is implied by the organization. 

That the textbook has been a conservative influence 
in the organization of high-school chemistry is revealed 
by a study of the prefaces. They show that the three 
most influential organizing forces have been conserva- 
tive agencies. 

A study of the aims and objectives listed in the pref- 
aces shows a trend toward aims and objectives affecting 
the organization of the textbooks. The aims and 
objectives of the first part of the period under considera- 
tion were of narrow scope confined mainly to the appli- 
cations of chemistry and to presenting a wide variety of 
material. The aims and objectives of books published 
since 1930 show evidence of influences other than 
merely the presentation of the subject matter. In 
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general, the later aims and objectives show that the 
problems of organization are being considered from the 
educational viewpoint. 


GENERAL CONCLUSIONS AND SUMMARY OF FINDINGS 


The trends in the organization of high-school chemis- 
try since 1920 may be summarized as follows. 

1. Early in the period covered by the study college 
preparation and the practical applications of chemistry 
were emphasized. These earlier trends have given way 
to those of more social significance. This trend is re- 
flected in the later aims and objectives set up for high- 
school chemistry and by attempts to organize chemistry 
courses designed for general cultural purposes. 

2. From a purely descriptive arrangement of chem- 
istry materials of an earlier period the topical method of 
organization was developed. The topical organization 
is now being replaced by the unit organization. The 
unit organization implies a method of instruction that is 
peculiar to that form of organization. Various at- 
tempts have also been made to apply the project- 
method and the contract-method to the organization of 
high-school chemistry. This trend may be summed up 
as an attempt to organize the materials of high-school 
chemistry in such a manner that the method of teaching 
is implied. 

3. Another significant trend in the organization of 
high-school chemistry is the adoption of the scientific 
method in studying the problems of organization of 
high-school chemistry. The committee procedure was 
commonly used in the early part of the period covered 
by the study. Since 1925 the trend has been toward 
studies using the method of science. 

4. The application of the findings of educational and 
psychological research to the organization of high- 
school chemistry is another trend developing since 1920. 
The recognition of individual pupil differences, of prob- 
lems of text content, of proper methods of presenting 
the material to the students, and other similar problems 
has led to a general utilization of the findings of the 
sciences of education and psychology. This is in con- 
trast to the general opinion evidenced during the early 
part of the period covered by the study. 

5. One of the more pronounced trends during the 
years 1923 to 1927 was that of the articulating of high- 
school and college chemistry. This trend inaugurated 
by the more subject-minded teachers of chemistry has 
not solved the more pressing problems of high-school 
chemistry organization. If the organization of high- 
school chemistry is to remain primarily as the basis for 
college entrance, then the content of the high-school 
chemistry course has been well defined by those re- 
sponsible for the articulation trend. When viewed in 
the light of more recent trends this phase of the organi- 
zation of high-school chemistry does not appear to have 
contributed a great deal and has been one of the more 
conservative forces. 

6. The consideration of the. development of the 
individual student is one of more recent origin. The 
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earlier chemistry courses sought to give factual in- 
formation to the student on the assumption that the 
nature of the material would develop those character- 
istics peculiar to science. There is a trend now to 
develop by means of various educational devices certain 
attitudes, habits, appreciations, and skills in the stu- 
dent. 

7. There are also evidences of a trend to integrate 
the chemistry course with the other subjects in the 
high-school curriculum. This trend is not very pro- 
nounced. It is usually referred to in connection with 
the establishment of a science sequence of courses or the 
use of chemistry materials in other subjects. 

8. The material investigated for the present study 
falls into two great classes: (1) that representing the 
theoretical point of view such as the various committee 
reports and periodical articles, and (2) the practical 
applications as revealed in the courses of study and text- 
book organization. The trend revealed here is the 
gradual adoption of the various theoretical points of 
view in the more practical material. This trend was 
first reflected in the courses of study and later in the 
organization of the textbooks. 

It must not be assumed that the organization of high- 
school chemistry is being revolutionized. The organi- 
zation of high-school chemistry is going through a slow 
process of evolution. The major portion of the text- 
books and courses of study that are in use today are 
organized in essentially the same manner as they were 
at the beginning of the period covered by the study. 

The lack of a philosophy for the American high school 
is reflected in the organization of high-school chemistry. 
The question is, shall the course be organized to prepare 
the student for life or for college? 

If the purpose is preparation for college, the content of 
the course in high-school chemistry is well defined. 
The only problem of organization is that of arranging 
the materials on the best educational and psychological 
basis for presentation to the student. This problem is 
being fairly well solved. 

If, however, the purpose of the course is defined as 
that of life-preparation, the problem of the organization 
of the high-school chemistry course is greater. The 
pandemic or cultural courses in high-school chemistry 
that have been organized or proposed since 1920 show 
great diversity as to the basis of organization. The 
following bases of organization have been used: (1) the 
course content as set-up for college preparation, (2) a 
course organized on the basic principles of chemistry, 
(3) courses dealing with the practical applications of 
chemistry, and (4) a course designed for consumers. 

The problems that remain unsolved in the organiza- 
tion of high-school chemistry include the following. 

1. Will it be possible to develop a single course in 
high-school chemistry that will serve the needs of those 
students who are preparing for college and those whose 
formal education will end with the completion of the 
high-school course? 

2. Will the next trend in high-school chemistry 
organization be the development of two separate 











120 JOURNAL OF CHEMICAL Epucatioy 


courses in order that the needs of all the students can be identity as a separate subject in the curriculum anj 
met? Ifso, on what basis shall the pandemic chemistry become merged or fused as a part of a general scieng 
course be organized ? program extending throughout the entire secondary 


3. Will high-school chemistry tend to lose its course of studies? 





A CONVENIENT APPARATUS FOR HOLDING FUNNELS WHILE FILTERING 
INTO BEAKERS 


ELIJAH SWIFT, JR. 


Harvard University, Cambridge, Massachusetts 


THE usual device employed in the elementary chem- the beaker, and the funnel inserted. The tip of,the 
istry laboratory to hold a funnel while filtering into a funnel will rest against the edge of the beaker about 
beaker is either a wooden board with holes drilled halfway down. It will be found impossible to tilt the 
through it, or else an iron ring clamped to a ringstand. funnel more than a few degrees in any direction. The 
Both of these devices set-up may be lifted with one hand and moved to the 
are somewhat clumsy, side without danger of losing drops from the tip of the 
slow to adjust properly, funnel. It will be found that with the adjustment made 
and very apt to accumu- for a 400-cc. beaker, the device will work equally well 


late dirt. A device which 
has none of these disad- 
vantages and is easy and 
cheap to make has been 
used by the author for 
several years. It consists 
of a small glass or metal 
piece designed to fit over 
the rim of a beaker and 
hold a funnel securely 
there. Figure 1 shows 
the position of the ap- 
paratus in use. 

The apparatus may 
be made of either metal 
or glass. The metallic 
form is not so fragile, but 
may be liable to corrosion 
unless varnished. Figure 
2 shows the approximate 
dimensions of the pat- 
tern for both types. 
The ends B-B are bent 
away from the plane of 
the paper so that they fit 
snugly around the curve C 
of a 400-cc. beaker. The a 
ends are bent up so that aoe 
they come up and rest 
firmly under the rim. 

There is a bend at C Ficure 1 rissisies 

which fits around and 

over the rim, in such a way that the hole A is slightly on all sizes from 150 cc. to 600 cc. Moreover, on the 
below the level of the rim. larger sizes several funnels can be set around the edge 

In practice, the apparatus is slipped over the rim of of a beaker to speed up the filtration. 
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The CHEMIST and CHEMICAL 
ENGINEER nr the 
EXPLOSIVES INDUSTRY 


DAVID E. PEARSALL* 


Mellon Institute of Industrial Research, Pittsburgh, Pennsylvania 


ACH year the technical colleges and engineering 
schools of this country send forth a goodly num- 
ber of young men trained in chemistry and chemi- 

cal engineering who are ambitious to get positional 
opportunities in their chosen calling. Fortunate are 
the few who have an understanding of the conditions 
obtaining in any one of the many branches of the large 
and ever-growing process industries. Thus there is a 
need in the literature of a series of articles by specialists 
in the key industries, so that the student may gain a 
conception of the phases which relate not only to mate- 
rials and equipment, but also to personalities, physical 
environment, and factors conducive to a successful 
career. A preview of an industry might tend to pre- 
vent what may later be termed a mistake in securing 
congenial and fruitful employment. The author hav- 
ing been associated with the explosives industry for a 
number of years herewith attempts to convey a rather 
broad but brief summary of the explosives field which, 
it is hoped, will enable the young chemical engineer or 
chemist to locate the explosives industry as an integral 
part of chemical technology and at the same time to 
give him sufficient information of a specific nature so 
that he may picture to himself what the industry is like 
and decide whether or not he might find it to his liking. 

The term ‘explosives’ is synonymous to many with 
the word “‘war.”” The explosives industry to be de- 
scribed, however, is essentially a peacetime manufacture 
which has played a vital part in world progress. Rank- 
ing the American chemical and allied industries ac- 
cording to the value of their products made in 1936, the 
explosives industry would be placed about thirteenth 
in a list of thirty-one. This ranking does not include 
the related fields of ammunition and fireworks and also 
excludes the numerous other products manufactured 
by companies whose original business consisted entirely 
of explosives manufacture. 

The order that will be followed in discussing this sub- 
ject will be as follows: 


(1) Types of explosives produced—what they are. 

(2) Manufacture of explosives, considering the vari- 
ous chemical and chemical engineering factors. 

(3) Testing of explosives. 


bys Industrial Fellow, Mellon Institute of Industrial Research, 
Pittsburgh, Pennsylvania. 


(4) The use of explosives. 
(5) Modern industrial significance. 


It should be stated here, that it is not planned to dis- 
cuss those blasting methods which employ various 
mechanical devices or equipment, because such meth- 
ods are outside the field of explosives being described 
in this article. 


TYPES OF PRODUCTS OF THE EXPLOSIVES INDUSTRY 


The various kinds of explosives may be classified in a 
number of ways. For the purposes of this article they 
will be put in four groups, viz., black powders, high ex- 
plosives, smokeless powders, and blasting initiators. 

Black Powders.—Black powders are the oldest type 
of explosives known, dating back to about the early 
part of the thirteenth century. Their origin is vari- 
ously ascribed to China, Germany, and England, there 
being no clear certainty on the subject. In England, 
Roger Bacon (1214-1294) is generally credited with the 
invention. 

Black powder consists of a mechanical mixture of 
sulfur, charcoal, and nitrate in the proportion found by 
experiment and use to give the desired results. A typi- 
cal black powder for blasting contains about seventy- 
five per cent. nitrate, fifteen per cent. charcoal, and ten 
per cent. sulfur, together with small amounts of mois- 
ture, graphite, and an antacid such as calcium carbon- 
ate. For rifle powders, fuse powders, and other special 
uses, potassium nitrate is used in black powder manu- 
facture because of its superior moisture resistance; 
these powders are termed ‘‘A”’ powders. Powders con- 
taining sodium nitrate are less expensive and are used 
extensively in blasting; they are known as “B’’ pow- 
ders. ‘“‘A’’ and “B” powders are furnished in several 
different grain sizes. Other factors being the same, the 
speed of the powder depends upon the grain size, the 
coarsest grains being the slowest burning. Black 
powders are also supplied in pellet form. These pellets 
are usually about two inches long by one and one-fourth 
to two and one-half inches in diameter and are wrapped 
in a paper cartridge, there being four pellets to one car- 
tridge. These cartridges, which have many advan- 
tages over the loose powders, have become quite popu- 
lar. 
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Commercial explosives are solid or liquid materials 
that can be instantly converted to large volumes of gas 
by such means as heat, friction, sparks, or shock. The 
explosive action may be caused by a progressive burning 
or by an instantaneous molecular rearrangement. 
Black powder is a deflagrating explosive, that is, it is 
fired by ignition and the gases are generated progres- 
sively as the burning speeds through the charge. 

High Explosives.—In contradistinction to the burning 
type of explosives just described, high explosives are 
detonating explosives, 7. e., they are fired by shock from 
an intermediate agent or detonator and the transforma- 
tion from solid to gas takes place with extreme rapidity 
as the shock wave is transmitted through the explosive. 
This is essentially a chain reaction. High explosives 
include all dynamites, gelatins, permissibles, and the 
low powders. 

The development of high explosives which has taken 
place in the last hundred years, has been marked by the 
introduction of nitrocotton in 1845, nitroglycerin in 
1846, detonators in 1864, dynamite in 1867, and gelatins 
in 1875. Most of these advancements emanated from 
Nobel, the Swedish chemist. 

Before discussing the high explosives, it will be neces- 
sary to define explosive ‘‘strength,” which refers to the 
power or force developed by the explosive when it is 
used. The strength rating is based on the nitroglycerin 
content of the straight dynamites; 7. e., a forty per cent. 
strength straight dynamite contains forty per cent. 
nitroglycerin and any other forty per cent. dynamite has 
a disruptive force equal to the forty per cent. straight 
dynamite weight for weight. This does not mean that 
the relative energy of a sixty per cent. dynamite would 
be twice that of a thirty per cent. dynamite because the 
ingredients other than nitroglycerin and sodium nitrate 
which enter into the composition of dynamite have 
some explosive strength of their own when mixed with 
nitroglycerin. Thus the actual measured strength of 
an explosive is not directly proportional to the amount 
of nitroglycerin in it and is determined experimentally. 

Dynamites are mixtures of nitroglycerin and absorb- 
ents. The first dynamites made by Nobel used the 
inert absorbent kieselguhr, while modern dynamites 
contain combustible absorbents and other explosive 
ingredients. Dynamites are of several types known as 
straight, extra, low freezing, and so forth. At present 
almost all dynamites are low-freezing, representing a 
most important step in the development of explosives, 
as in times past much trouble and many accidents were 
attributed to frozen dynamites. Ordinary nitroglyc- 
erin is not a nitro body but glycerol trinitrate and 
has a freezing point of about 13°C. This freezing 
point is lowered by replacing part or all of the nitro- 
glycerin by aromatic nitro-compounds such as DNT or 
mixtures of DNT and TNT, by related nitric acid esters 
such as dinitroglycerin or the polymer tetranitrodiglyc- 
erin and nitrated sugars, and by ethylene glycol di- 
nitrate. Straight dynamites are composed of nitro- 
glycerin, sodium nitrate, wood pulp, and a small amount 
of an antacid. Extra dynamites are those in which am- 
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monium nitrate partly replaces the nitroglycerip, 
Straight dynamites are quick acting and have a high 
shattering effect or brisance; extra dynamites have g 
slower speed of detonation and produce less shattering 
The wood-flour is present as an absorbent for the nitro. 
glycerin, but takes part in the explosive reaction, 
Both the straight and extra dynamites are produced jp 
strengths varying from fifteen per cent. to sixty pe 
cent. 

Nitroglycerin may be gelatinized by the addition of 
a certain amount of nitrocellulose; e. g., eight parts 
nitro-cellulose completely gelatinize ninety-two parts 
of nitroglycerin and form a plastic elastic colloid which 
is known as blasting gelatin. This explosive is of prag. 
tically one hundred per cent. strength and has high 
brisance. As the gelatins had may advantages ove 
the dynamites, especially for wet work, means were 
soon sought to modify their explosive force so that 
they would be more generally useful. This was ac 
complished by adding various dopes to the gelatins and 
by using less nitrocotton in gelatinizing the nitroglyc. 
erin. These developments are known as _ gelatin. 
dynamites and are also quite plastic. The gelatin. 
dynamites are furnished in twenty per cent. to ninety 
per cent. strengths. The semi-gelatins are still later 
developments; they retain some of the plasticity of the 
gelatins, but at lowered costs. They consist mainly of 
ammonium nitrate with only sufficient gelatinized cot- 
ton to make them cohesive. 

Permissibles are explosives that are similar in all re- 
spects to samples which have passed certain tests pre- 
scribed by the United States Bureau of Mines to deter- 
mine their suitability for use in gassy and dusty coal 
mines. All explosives when fired produce a flash or 
flame, which varies in length, duration, and tempera- 
ture. Black blasting powder gives the largest and 
longest lasting flame; dynamites give much hotter flames 
but they are smaller and exist for a shorter time. Per- 
missible explosives are specially designed to yield a 
small flame of brief duration and low temperature. 
Thus, if they are used in accordance with the prescribed 
conditions, there is little likelihood of gas or dust igni- 
tions taking place. Most of the present-day permis- 
sibles are of an ammonium nitrate or a gelatin base. 
One of the newer developments in explosives is the so- 
called high-count explosives. These are dynamites or 
semi-gelatins containing special carbonaceous materials 
as absorbents which make the dynamites more bulky 
and raise the cartridge counts in some cases from as low 
as 300 to 500 per one hundred pounds of explosive. 
Many of these low-density explosives are permissibles. 
The cartridge count of explosives is frequently used as 
the measure of their density. 

There are also the so-called “low” or bag powders, 
which are dynamites of low strength varying from five 
per cent. to twenty per cent.; 7. ¢., they are intermedi- 
ate between the black powders and the high-explosive 
dynamites. 

It will have been noted that the active ingredients of 
high explosives are based on the use of nitric acid esters 
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and aromatic nitro compounds in general and on nitro- 
glycerin in particular. One class of compounds that 
has found commercial outlet is the nitrostarches. The 
nitrostarches overcome one objection of nitroglycerin 
explosives in that they produce no headaches when they 
are used; however, they may possess certain undesir- 
able features and are not extensively manufactured. 
Nitramon is a new development in the explosives field. 
This explosive consists of canned ammonium nitrate 
which has a small amount of a sensitizing agent added 
to it and which is packed in the can to a definite density. 
This explosive is extremely insensitive and requires a 
special priming device to detonate it. On this account 
it possesses unusual safety features. 


In addition to the classes of explosives described, 
there are various other types which appear on the mar- 
ket from time to time. Some of these are based on the 
use of potassium chlorate as the oxidizing agent and 
many of them have proved unsatisfactory and danger- 
ous. Itis interesting to point out that the perchlorates 
have largely replaced the chlorates because they are 
more stable and less sensitive, although they contain 
more oxygen than the chlorates. 


Smokeless Powders.—The smokeless powders, which 
are propellants, consist essentially of two types, v7z., 
the single-base or solvent colloided nitrocellulose pow- 
ders, and the double-base powders in which certain 
amounts of nitroglycerin are used along with the nitro- 
cotton. In addition, inorganic nitrates, inerts, and 
stabilizers such as diphenylamine are added. The 
speeds of these powders may be varied and controlled 
by the use of accelerators (such as nitroglycerin) and 
of retardants which may be plasticizers of nitrocellu- 
lose, e. g., triphenyl phosphate. The powders are made 
in both fast- and slow-burning varieties, the fast pow- 
ders being used in shot-gun shells, while the slower ones 
are for rifle and military propellants. The burning 
speeds are also controlled by the sizes and shapes of 
the powder grains or pellets. 


Blasting Initiators—There is another class of explo- 
sive compounds known as detonating materials that has 
high brisance, velocity, and sensitivity. These mate- 
tials are used to initiate the explosion of other less sen- 
sitive explosives, such as the blasting and propellant 
powders. The detonating materials are used either 
alone or in mixtures, and are enclosed in caps or tubes, 
known as detonating caps, and detonating fuse for use 
with blasting explosives, and percussion caps for use 
with ammunition. The blasting cap usually contains 
mixtures of fulminate-chlorate or azide-nitrates; mod- 
etn caps frequently have a base charge of a material 
such as tetryl, or nitromannite in addition to the 
initiating charge. The explosives used in detonating 
fuses are as powerful as those used in caps, but are 
telatively insensitive and require a cap for detonation. 
These fuses contain such compounds as (1) phlegma- 
tized fulminate, (2) picric acid (melinite), (3) TNT (tri- 
tol), and (4) PETN (pentrit). 
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MANUFACTURE OF EXPLOSIVES 


The manufacture of explosives, which will now be 
considered, should be of special interest for it is difficult 
to conceive of an industry in which the need of techni- 
cal men is greater than in the explosives field. First, 
the chemical engineering factors present in explosives 
manufacture will be discussed, following which flow- 
plans for the manufacture of black powders and of dy- 
namites will be briefly described. 

Chemical Engineering Factors.—The chemical engi- 
neering factors that enter into explosives manufacture 
are the same factors that enter into all chemical manu- 
facturing; however, here they find limiting conditions 
and special situations to a greater degree than in most 
of the allied industries. Let us consider these factors 
under the following divisions: (1) plant locations, (2) 
construction and materials of construction, (3) unit 
processes, and (4) plant and health hazards. 


The manufacture of explosives in this country dates 
back to colonial times when the supply of powder could 
no longer be obtained from England and when it came 
into great demand. Thus numerous black powder 
plants were erected mainly in the eastern part of the 
land. As the general development of the country took 
place westward, powder manufacture likewise went 
westward until today there are explosive plants located 
all over the nation. These plants, however, are usually 
located so that they are near various mining operations, 
which are the largest users of explosives. In 1936 there 
were twenty-two different manufacturers of explosives 
in the United States, operating about seventy-four 
plants. The greatest concentrations of these plants 
were in Pennsylvania (ten per cent.), California (ten 
per cent.), and Illinois (five per cent.). On account of 
the nature of explosives, the plants are always located 
in rather isolated spots so that they are not a menace 
to the surrounding territory, and likewise so that their 
surroundings are not detrimental to them. Locations 
are chosen if possible, that have natural barricades such 
as hills, slopes, and so forth; however, if natural barri- 
cades are not present, artificial ones are placed around 
each building so that an explosion in one building will 
not be communicated to the others. The nitroglycerin 
plant is frequently located on a hill so that gravity flow 
may be used. Locations are selected first with a view 
to safety, and second to economy of operation. This 
is also true of the magazines in which the explosives are 
stored. The distances between buildings are governed 
by the American table of distances, set up by the 
Institute of Makers of Explosives. 

One hears a great deal about materials of construc- 
tion, and in an explosives plant not only a knowledge of 
materials is required but also sufficient engineering to 
construct the buildings themselves and the equipment 
inthem. Here again the factors of safety and economy 
of operation govern design. The buildings are so de- 
signed that, should an explosion occur, a minimum of 
damage will result. This is accomplished in various 
ways, one of which is to build rigid or reénforced walls, 
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and to have a light roof. The inside walls will be 
smooth so that dust will not accumulate, and they may 
also be curved and shaped. If an explosion occurs, 
the walls will deflect the explosive wave so that it will 
be away from the operators and equipment and will 
blow off the roof or other lightly constructed section. 
Barricades are also placed around machines; in some 
operations the machines are operated from behind bar- 
ricades, using a system of mirrors to view the operation 
if this is necessary. Wood is utilized to a large extent 
for construction; also non-sparking metals and insu- 
lating materials are used wherever possible. As both 
sulfuric and nitric acid plants are usually located with 
a dynamite plant, much lead and glass-lined equip- 
ment is also used. In nitroglycerin and dynamite 
manufacture, special precautions must be taken so that 
the equipment does not absorb the nitroglycerin, as 
many accidents have occurred when the equipment is 
being replaced or repaired. 

The explosives industry is primarily one of unit proc- 
esses and unit operations, each of which is segregated 
from the others. Hence, it tends to be a batch type 
rather than a continuous flow type operation. In the 
manufacture almost every type of chemical engineering, 
processing and equipment is met with. ‘This will be 
amplified later on in the discussion of the flow- 
plans for the manufacture of black powders and 
dynamites. 

In the explosives industry plant and health hazards 
are watched perhaps more closely than anywhere else, 
and every known precaution is taken. As already de- 
scribed, great care is taken in selecting the plant loca- 
tion and in the plant buildings and equipment. Special 
caution is exercised on all moving parts, and equipment 
drives, such as motors, are explosion proof and in addi- 
tion usually placed in separate buildings from where 
the equipment is operating. All machines are insu- 
lated and grounded to prevent static electricity accu- 
mulations and danger from lightning discharges. Ex- 
plosion-proof lighting fixtures are used in the buildings 
and all buildings and equipment are painted white or a 
light color and kept scrupulously clean from dust and 
accumulations of waste material; hence the name of 
“white area”’ or ‘‘clean area’’ for the parts of the plant 
in which explosives are actually made. Matches and 
cigarette lighters are not permitted to be carried into 
explosive plants and must be deposited at the entrance 
where they can be reclaimed on leaving. All plants 
are guarded by watchmen and are enclosed by fences. 
All workmen in danger areas wear special shoes or rub- 
bers and special clothes or overalls changed before 
leaving the plant. Some operations, such as incorpo- 
rating or wheeling black powder, are always conducted 
without an operator being present in the building, the 
machine being controlled from remote switches. In 
other operations, the number of men present is 
limited. 

Nitroglycerin has a powerful physiological action 
which causes violent headaches, either from handling it 
when it is absorbed by the skin, or by breathing the va- 
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pors, because it is slightly volatile at ordinary tempera. 
tures. Most persons engaged in nitroglycerin explo. 
sives work rapidly establish an immunity to its effects 
although this immunity is quickly lost by an absence of, 
day or two from nitroglycerin work, and must be re. 
established when the work is resumed. The aromatic. 
nitro bodies have definite toxic effects and great car 
must be observed by the workmen in their manufacture. 
Some of these nitro-compounds, such as picric acid § 
(TNP), color the skin and hair yellow, which color cap. 

not be washed off but will gradually disappear when ab. 

sent from the picric acid. These compounds also pro. 

duce a dermatitis in certain people who have sensitive 

skin. The toxicity of DNT was brought out not lon 

ago when it caused numerous cases of blindness among 

women who were taking an antiobesity remedy con. 

taining it. 

It is, therefore, apparent that the management and 
the workers of an explosives plant must be continually 
on the alert to prevent any of these various potential 
plant and health hazards from becoming actualities, 
That they are successful in doing this is attested by the 
splendid records of their low accident and occupational 
disease rates. 

Flow-Plans for Manufacture of Black Powders and 
Dynamites.—Black powders are made much the same 
way today as they were one hundred years ago. How- 
ever, some technical changes have taken place, such as 
improvements in the type of equipment used. The 
flow-plan of black powder manufacture is as follows. 
The sulfur and charcoal are usually premixed in ball- 
mills and then added to the wheel-mill along with the 
nitrate. The wheel-mill or edge-runner has two large 
diameter runners, each weighing several tons. These 
runners are usually made of iron and frequently the 
bed-plate is also of iron, in which case the runners must 
be suspended and not actually rest on the plate. The 
ingredients are milled until thoroughly uniform, 
the operation being referred to as incorporation. The 
product known as wheel-mill cake is taken from the 
mill to the press-house. In the press-house the larger 
cakes are broken between rolls and a press charge is 
then built up. The press consists of a number of plates 
and frames, the latter being filled with the broken up 
wheel cake. When assembled, it resembles a plate and 
frame filter-press. The pressure is usually applied 
hydraulically. After pressing, the cakes are removed 
from the press and frames and taken to the corning-mill. 
This mill consists of a number of pairs of breaker-rolls 
having various sized corrugations and so arranged with 
conveying belts that the cakes are gradually and auto- 
matically reduced in size to the desired limits. The 
powders are then sieved in rotary screens and finally 
taken to the glaze-drums, which are large horizontal 
drums made of wood. These drums hold several of the 
wheel-mill or press-charges so that a certain amount of 
blending takes place. The drums are revolved until 
the moisture conditions are right, when graphite is 
added and the rotation continued until a satisfactory 
graphite glaze has been applied to the grains. Follow- 
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ing this operation there is further blending and then 
packing. 

A typical flow-plan for the manufacture of nitroglyc- 
erin dynamite is as follows. The glycerin and mixed 
acid are added to a nitrator fitted with cooling or refrig- 
erating brine coils. A drowning tank is always placed 
below the nitrator so that the entire charge may be 
quickly emptied into it should the reaction become un- 
controllable. Following the reaction, the nitroglycerin 
and spent acid are run off into a separating tank, from 
which the spent acid goes to a settling tank for remov- 
ing traces of nitroglycerin and then to the acid recovery 
system. The nitroglycerin goes to a water washing 
tank, then to a neutralizing tank containing sodium 
carbonate solution, and finally to a storage tank. 

As previously described, dynamites consist of nitro- 
glycerin and various other absorbent and explosive in- 
gredients. These other ingredients, termed “dope,” 
consist of wood flour, sodium nitrate, sulfur, and so 
forth. All the dope ingredients are weighed out and 
then placed in a suitable dryer; after drying they next 
go to the dope mixer. The dried and mixed dope and 
nitroglycerin are then brought together in a dynamite 
mixer. These mixers may be made of wood, bronze, or 
other non-sparking material and contain mechanical 
agitators. In the manufacture of gelatins and gelatin 
dynamites the operations are similar to those described 
except that the nitroglycerin is first colloided with the 
nitrocotton by agitation and heat. The jelly is then 
taken to the mixer. Often the tank used for colloiding 
the nitroglycerin is mobile and is taken to the mixing 
house where the agitators are lowered into it. Werner- 
Pfleiderer type mixers are frequently used for viscous 
gelatins as they give a kneading action similar to a 
dough-mixing machine. Various other type machines 
are used for the less plastic gelatins. 

After the mixing the dynamite or gelatin dynamite is 
ready for cartridging. Paper cartridges are formed on 
a special machine which crimps one end and permits 
the other end to remain open. These cartridges are 
usually paraffined and then taken to the pack houses. 
Packing in the cartridges is now accomplished auto- 
matically for both dynamites and gelatins, although 
most of the gelatins were formerly hand-packed. A 
Hall-type dynamite packing machine is constructed 
mainly from wood. This machine has a member rotat- 
ing on a horizontal axis and contains four chambers or 
shuttles. The rotation of the shuttles is intermittent 
by quarter-turns; the sequence of the operation is in- 
serting the paper shells, packing them from above with 
dynamite, closing and folding the ends of the cartridges, 
and removing the filled and crimped cartridges. The 
daily output of one of these Hall machines is quite high. 
The gelatin dynamite packing machines are frequently 
semi-automatic and the explosive is forced from a hop- 
per through a multiple nipple plate by means of a worm 
or hydraulic pressure. The gelatin is extruded directly 
into the preformed paper shells and the ends are 
crimped automatically. A worm type machine is less 
efficient than the hydraulic piston type. 
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TESTING OF EXPLOSIVES 

The testing of explosives constitutes an important 
branch of the explosives industry and employs a great 
many technical men, who are usually chemists, physi- 
cists, and chemical engineers. This testing may be 
divided into chemical tests and physical tests. 

Chemical Tests.—All explosive plants have routine 
chemical control laboratories which are constantly ana- 
lyzing the raw materials going into the process, to in- 
sure that they meet quality and strength specifications. 
These laboratories also furnish information for strength- 
ening the spent acids, and analyze samples of com- 
pleted products. In addition, the explosives companies 
have central research laboratories where new explosives 
are evolved, old ones improved, and all complaints and 
competitive explosives examined. The explosives 
chemist must be an expert analyst on both gravimetric 
and volumetric methods. 

Materials used in explosives are composed entirely of 
two classes, viz., (1) those that give off oxygen when 
they undergo reaction, and (2) those that take up oxy- 
gen. Thus in designing an explosive it is attempted to 
control the relative proportions of these two classes so 
that a neutral or slightly positive oxygen balance is ob- 
tained. In making these calculations the oxygen bal- 
ance of the paper shell and its paraffin coating is taken 
into account as well as the dynamite ingredients. With 
a proper oxygen balance, the gases given off by the ex- 
plosive are composed almost entirely of carbon dioxide, 
nitrogen, and water. When a powder is not properly 
balanced carbon monoxide and oxides of nitrogen are 
found in the gases of decomposition, and, as these gases 
are extremely toxic, they are objectionable for use in 
closed areas such as mines. Gas analyses are always 
made to determine the products of combustion, and at 
times the solids products of combustion, if any, are also 
analyzed. 

Physical Tests—In addition to the chemical tests, 
complete physical tests are made on explosives to de- 
termine their explosive properties. Some of these 
tests will now be described briefly. 

The pressure developed is ascertained by exploding a 
measured quantity of explosive in a pressure bomb 
known as a Bichel Gage, which is fitted with a pressure- 
recording gage similar to the Crosby engine indicator, 
the drum with chart being revolved at a definite speed 
by an electric motor. 

The actual strengths of the explosives are determined 
by means of ballistic pendulums or ballistic mortars. 
These strengths are sometimes referred to as ‘‘unit de- 
flecting charges” and represent the weight of an explo- 
sive that will produce a deflection of the pendulum to 
the same degree as a standard weight of a standard ex- 
plosive. The ballistic pendulum consists of two parts, 
(1) a cannon in which the explosive is fired, and (2) a 
pendulum which receives the impact of the products of 
explosion and stemming. The ballistic mortar is simi- 
lar to the ballistic pendulum except that its weight is 
much less, and the explosive is stemmed with a cylin- 
drical steel shot which is projected from the mortar. 
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Other factors being the same, the velocity or rate of 
detonation of an explosive determines its shattering ef- 
fect. The velocities are measured in several ways, the 
most common one being the use of the Mettegang re- 
corder. This consists of a soot-covered rotating drum, 
a vibration tachometer for measuring the speed of the 
drum, and an induction coil with terminals so con- 
nected that it projects sparks on the soot-covered drum. 
Wires inserted at measured distances apart in the ex- 
plosive are connected to the recorder, and the time in- 
terval between the rupturing of the two wires is found 
from the marks on the rotating drum. Another method 
of recording the velocity is by means of a special camera 
having a rotating drum on which a film is attached, or 
by a camera having a stationary film and a revolving 
mirror. A third and relatively simple method of meas- 
uring velocities is that of d’Autriche, in which the un- 
known explosive speed is compared to that of a detonat- 
ing fuse of known speed. 

Other physical tests, all of which require special 
equipment, are those for determining (1) impact sensi- 
tivity, (2) friction sensitivity, (3) duration and length of 
flame, and (4) the measurement of the pressure waves sent 
out by‘an explosive. This latter is found by means of 
Schlieren photography, which depends upon changes 
in the refractive index in the air caused by the explo- 
sive pressure wave, and is recorded by the camera 
through the deviation caused in a restricted system of 
light rays. 


THE USE OF EXPLOSIVES 


A study of this industry would be grossly incomplete 
without reference to the uses of explosives. This is 
most readily accomplished by considering briefly first 
the methods of using explosives, and, secondly, the 
fields in which explosives are employed. 

Methods of Using Explosives—The early use of ex- 
plosives was attended with many dangers, one of the 
greatest being caused by the lack of a good means of 
providing a time interval between applying the fire and 
the subsequent explosion. This problem was solved 
in a very satisfactory way by the Englishman, William 
Bickford, in 1831 through his invention of safety fuse. 
A safety fuse consists of a powder train surrounded by 
various textile and waterproofing materials, and pre- 
sents the appearance of an insulated electrical wire. 
The fuse has the purpose of carrying fire to the charge 
at a predetermined and uniform rate. Although pres- 
ent-day fuses are still made on this same principle, they 
have been greatly improved in all respects, and have 
remarkable burning regularity under various conditions 
of use. When safety fuse is employed in blasting, the 
method is referred to as the fuse and cap method. To 
initiate a charge of dynamite, a detonator is crimped on 
the end of a piece of fuse of required length. This 
capped fuse is inserted in a dynamite cartridge after a 
hole has been punched in it. The fuse-is then tied 
to the dynamite cartridge and the assembly constitutes 
what is known as a primer. The primers are placed in 
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drilled holes at the mine face and pushed into position 
with a wooden pole, the fuse extending well beyond the 
face. Other dynamite cartridges are pushed into the 
drill-hole until the required number is obtained. This 
operation is followed by the plugging of the hole, usually 
with clay or other handy, easily packed material, which 
is called tamping or stemming. The tamping elinj. 
nates the dangers of a blown-out shot and increases the 
efficiency of the explosive. The position of the priming 
cartridge varies, but is frequently next to the last car. 
tridge put in the hole. Various advantages are claimed 
for the different positions in which it is placed. When 
black powder is to be ignited by means of fuse, it is not 
necessary to use a detonating cap. Fuses are ignited 
by means of special lighters of various types or by open 
lights. 

In the electric method of detonation, electric blasting 
caps or E. B. caps, as they are commonly called, are used 
in place of fuse and caps. These caps differ from fuse 
caps in that they are sealed and have two leg-wires ex. 
tending from them by which means they are connected 
to a source of current and to various electrical hook-ups. 
The present-day caps are of the low tension type, in 
which a platinum bridge-wire is heated to incandescence 
and thus ignites the priming and detonating com- 
pounds in the caps. Some explosive makers surround 
this bridge-wire with a match-head composition which 
ignites the cap charges. In the early development of 
E. B. caps, high-tension caps were used in which the ig- 
nition was supplied by a spark jumping from one ter- 
minal wire to another. Primers are prepared the same 
as for fuse and cap blasting and the holes are loaded in 
the same manner. The circuits are connected in vari- 
ous ways, and batteries, blasting-machines (dynamos) 
and power circuits are used for ignition. 

With fuse and cap blasting, it is difficult to cause a 
number of holes to go simultaneously; on the other 
hand, it is quite easy to have a rotation of shots in any 
desired order merely by trimming the fuses to different 
lengths. To secure rotational firing with electric caps 
it is necessary to use special delay caps which contain 
burning elements between the bridge-wire and _ the 
detonating compounds. These elements may be pieces 
of fuse, or metallic cylinders containing either black 
powders or thermite powders. 

A third method of blasting that has become quite 
prevalent in the last twenty years, particularly for large 
quarry shots, is that in which detonating fuse is used. 
In this procedure, lines of the Cordeau detonant are 
placed the length of each hole and then connected to 
central lines, one of which is joined to either a cap and 
fuse or else to an electric-blasting cap. In this way no 
detonating caps are placed in the holes thereby increas- 
ing safety; also less explosive is needed as the detonat- 
ing fuse increases the force of the cartridges by about 
fifteen per cent. Although the holes will fire in their 
proper sequence, the effect is that of an instantaneous 
shot. This effect is attributable to the fact that the 
velocity of the detonating fuses ranges from 5000 to 
6000 meters per second. The maximum detonating 
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velocity of a gelatin is about 8000 meters per second, 
while the various semi-gelatins and dynamites range in 
velocity from about 3000 to 7000 meters per second. 
These figures compare with speeds of 3500 meters per 
second for a No. 6 blasting cap, 6000 meters per second 
for nitrocellulose powders, and 300 meters per second 
for black powder. In considering velocities, it must be 
borne in mind that the velocities are controlled to a 
large extent by the densities of the explosives, an in- 
crease in density resulting in an increase in velocity. 
The velocities are also affected by the degree of con- 
finement in the borehole and the initial detonating im- 
pulse. It is this control of the velocity that permits 
the adapting of the explosives for different uses. 

Consumers of Explosives—The bulk of explosives 
produced in the United States are consumed chiefly by 
the mining, quarrying, and construction industries. 
However, they are also used in less quantities for agri- 
cultural work, in lumbering, in producing oil-wells, and 
in demolishing old buildings. According to the United 
States Bureau of Mines Report of Investigations No. 
3350, the production of explosives in the United States 
in 1936, listed according to classes, was as follows. 


82,000,000 Ibs. 
262,000,000 Ibs. 
48,000,000 Ibs. 


392,000,000 Ibs. 


approximately 
approximately 
approximately 


Black powders 
High explosives 
Permissibles 


Total approximately 
The use of these explosives is approximately accounted 
for by the information given in Table 1. 


TABLE 1 


Black 
powder 


High 
Permissible explosives 
(in per cent.) 


Coal mines 98 9 
Metal mines —_— 29 
Quarries and non-metallic mineral mines 1 19 
Railroad and other construction _ 38 
Miscellaneous 1 5 


Industry 


Totals 100 100 100 


New Uses for Explosives.—New uses for explosives are 
constantly coming to light. Two of the most important 
of these are (1) in geophysical prospecting, and (2) in 
accelerating swamp fill. 

Geophysical prospecting, or exploring down as it is 
sometimes called, is a method of determining and plot- 
ting the sub-structure from the surface of the earth. 
When an explosive is detonated it sets up seismic or 
elastic earth waves so that it is comparable to a minia- 
ture earthquake, and seismographs record these waves. 
If the vibrations of these waves are recorded from a dis- 
tance, it will be found that a part of the energy travels 
at the ground surface, a part is refracted should there 
be a harder medium below, and a part will be reflected 
from the interface between the formations. Therefore 
the two methods of prospecting are known as refrac- 
tion and reflection. By measuring, the speed, magni- 
tude, and character of these waves a knowledge of the 
substructure is obtained, and it is possible to predict the 
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location of sulfur, salt, oil, gas, and metals with con- 
siderable accuracy. 

Modern highways are frequently built over swampy 
and marshy land on which it is impossible to obtain a 
satisfactory permanent footing. By exploding charges 
of dynamite in such areas, the muck, or other unstable 
material, is blasted away to permit a fill to be placed on 
a firm, hard, bottom which will result in a permanent 
stable roadbed. 


MODERN INDUSTRIAL SIGNIFICANCE 


The history of civilization is closely linked up with 
the history of the explosives industry, and for almost 
every advance made in explosives development corre- 
sponding progress has resulted in the advancement of 
man’s physical environment. Civilization as we know 
it today would have been impossible without the aid of 
explosives, and it is only through their use that the min- 
ing industry and the metal industry have gone forward 
to their present positions. In the United States 62,000 
ounces of silver were produced in 1860. Nobel made 
the first dynamite in 1867; by 1870 the output of silver 
advanced to 10,000,000 ounces and in 1936 the produc- 
tion was almost 63,000,000 ounces. In 1869, before 
dynamite was regularly adopted for mining of copper 
ore, the production was 72,000 tons, while in 1935 
about 19,000,000 tons of ore were mined. These 
figures, of course, vary with general industrial condi- 
tions, but it can be readily realized that the tremendous 
advances made since the middle of the nineteenth cen- 
tury would not have been possible without the use of 
explosives. 

Growth of Explosives Industry.—In the early days of 
explosives manufacturing history there were numerous 
small manufacturers. During the latter half of the 
nineteenth century and around the early part of the 
twentieth century a period of general business expan- 
sion took place, in which many small companies were 
absorbed by the larger ones. The explosives industry 
shared in this expansion. By 1907 the Government 
considered that the du Pont Company dominated the 
explosives manufacturing field and instigated suit under 
the Sherman anti-trust act. In 1912 the du Pont Com- 
pany was dissolved into the three companies, viz., (1) 
du Pont, (2) Atlas, and (3) Hercules. These three com- 
panies, together with the explosives division of the 
American Cyanamid and Chemical Corporation, which 
division was organized in 1933, are the largest present- 
day manufacturers of explosives; accordingly the mod- 
ern growth of this industry has taken place during the 
past twenty-five years. Both the Atlas and Hercules 
Powder Companies celebrated their twenty-fifth anni- 
versaries last year. The Hercules Powder Company 
in its anniversary booklet called “Looking Ahead’’ 
states that the original markets in mining, quarrying, 
and construction are relatively the same today as they 
were twenty-five years ago, 7. e., the annual poundage 
of explosives produced has remained practically con- 
stant, although these industries have increased apace 
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with the general industrial expansion in the last quarter 
century. This situation in fact exists only because 
modern explosives have been so improved that they do 
more work per pound than the older ones. The major 
powder companies have, however, undergone tremen- 
dous growths since 1913, which can be attributed to 
diversification of the products manufactured with 
corresponding expansions in their markets. Today 
these companies are leaders in the chemical in- 
dustry which speaks well for the farsightedness of 
their managements and the ability of their technical 
personnel. 

Opportunities in the Exploswes Field.—There are 
many opportunities for technicians, particularly chem- 
ists and chemical engineers, in the explosives field. 
Like the other process industries, explosives manufac- 
ture is carried on with relatively few workmen. There 
are also few supervisors and consequently they have 
greater responsibilities; hence there has been a trend 
toward placing technical men in all supervisory posi- 
tions. On becoming associated in the operating, de- 
velopment, or. research branches of an explosives com- 
pany, it is customary to give the employee a training 
course. After this course, the man may remain in re- 
search and development work or he may be sent to one 
of the explosives plants as chemist. The line of ad- 
vancement in the operating end would be from chemist 
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to chief chemist, to supervisor, to assistant superintend. 
ent, and then superintendent. Should the individyg 
remain in research or technical work, the advancement 
would be in having greater responsibilities and being 
placed in charge of certain new developments. Many 
of the department executives at the home offices of the 
companies have been chosen from among the research 
and development men. A third line of opportunity 
exists in the sales end. Most of the explosives sales. 
men are technically trained men who have become 
qualified to give expert blasting advice and see that 
the proper explosives are used and that they are ap. 
plied correctly. In addition to the explosives com. 
panies themselves, there are opportunities for work on 
explosives in the mining industry and with the United 
States Bureau of Mines. 

Perhaps there may be some readers who are suff- 
ciently interested in the subject of explosives to wish to 
learn further concerning it. For the benefit of such, a 
selected bibliography is included below. The litera. 
ture on explosives is not particularly comprehensive 
and much that has been written is in foreign languages. 
Realizing that the difficulty incidental to translating 
an unfamiliar subject often causes the reader to lose the 
true meaning of the matter at hand, all of the subjects 
we have listed in the bibliography, with two exceptions, 
are English originals or translations. 
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Seven years ago, the original Committee on Visual Aids 
in Chemical Education, in the Division of Chemical 
Education of the American Chemical Society, presented a 
series of five articles through the JOURNAL OF CHEMICAL 
EpucaTION. Since that time many important factors 
relating to almost every angle of the subject of visual aids, 
have come to light. This intervening body of informa- 
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I. INTRODUCTION 


OR sixty centuries the language. of the written 
word has been with us. The first book was 
printed in 1455—some five centuries ago, while 
the first textbook including pictures was originated by 
Comenius (1) some three centuries ago. The camera 
obscura—known for several centuries—was described 


by Leonardo da Vinci in his manuscript a century be- 
fore the appearance of the textbook by Comenius; 
that is, at about the time of the discovery of America. 
Photography as a chemical process, however, began 
with Daguerre in Paris and with Talbot in England. 
These men produced their epochal work in 1837, just 


acentury ago. The first motion picture machine was 
sold in 1906. Since that time, as Charters has said, 
“The motion picture has reached a wider audience than 
print (2).” 

For the sake of understanding, I would like to as- 
sume the validity of Weber’s definition of a visual aid as 
including, ‘“The representation of an object, a situa- 
tion, or a relationship in either two-dimensional line or 
three-dimensional form, which, when it accompanies 
language, tends to make the latter more interesting, 
intelligible, and impressive (3).”’ Thus the stock shelf 
in the chemistry laboratory becomes a more efficient 
visual aid when the cardboard cartons are replaced, as 
far as is practical, by standardized and carefully labeled 
glass bottles. From such shelves students may see 
and associate the chemicals more readily with verbal 
and other symbolical ideas. It should be pointed out, 
however, that no matter how well such a shelf has been 
developed, it will not serve efficiently as a visual aid un- 
less teaching methods and procedure take it into full 
account. 


° Condensed from a paper presented before the Divisions of 
Chemical Education and History of Chemistry, at the Midwest 
oo Meeting of the A. C. S., Omaha, Nebraska, April 30, 


tion is reviewed with emphasis on the more recent develop- 
ments. 

Although the more common types of visual aids are not 
overlooked, developments in photography, lantern slide, 
film-slide, and film materials and usage are emphasized. 
The more important implications, problems, and needs 
are considered. 


++ + 


This simple illustration serves to indicate the impor- 
tance of wise usage in connection with the many other 
common forms of visual aids, such as the blackboard, 
chart, museum, field trip, globe, map, atomic or other 
model, stereoscopic view, textual illustration, and ac- 
tual specimen. And what is true of these simpler and 
more common forms, with reference to efficient usage, 
is all the more true of the visual aids commonly re- 
ferred to in the more restricted sense of the term. These 
aids include the lantern slide, the film-slide, and the 
film. To this imposing array of aids to learning we are 
now confronted with the sound film and the radio, thus 
making it necessary to use a more inclusive term such 
as, ‘‘Visual and Auditory Aids,” or still better, it seems 
to me, Sensory Aids. 

Efficient classroom usage calls for a thorough under- 
standing of the inherent possibilities and limitations of 
each type of aid. In whatever form visual aids may be 
thought of, it is difficult, if not impossible, to conceive 
of a type which has not benefited from the results of 
chemical knowledge. At the same time, it is impor- 
tant to note that in chemical education it is possible 
to derive profits more fully than heretofore, and in 
many new ways. 

The growth in usage of visual aids, of the restricted 
sort, has been phenomenal considering the economic 
crisis and its devastating effects on the schools of the 
nation. By 1935, there were 10,097 silent and 793 
sound projectors for motion pictures. In addition, 
there were 841 central radio systems and 11,501 radios 
for visual and audio-visual instruction in approximately 
9000 of our 280,000 public and private schools (4). 

When we stop to think of the daily use we make of 
pictures we soon see what an important place they have 
in our normal life activities. Thus, we note the pic- 
ture sections in the daily papers; the conspicuous réle 
of cartoons and comic strips; the highly developed use 
of pictures based on researches conducted by advertising 
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companies as a means of obtaining attention, discrimi- 
nation, and memory leading directly to sales (5); to 
say nothing of the phenomenal sale of such periodicals 
as Life and the staggering attendance at motion picture 
theaters even in the period of our greatest economic 
stress. We arrive, then, by sundry courses at an un- 
derstanding of why visual aids have come to have an 
increasingly important consideration in the classroom. 


II. SIGNIFICANT DEVELOPMENTS 


1. Photography.—The predictions of “lenses and 
films of vastly increased speed, with three-dimensional 
screening, and with natural full color’ (6) have all 
come closer to the commonplace since the original Com- 
mittee on Visual Aids in Chemical Education took up 
its work seven years ago. Rasswieler and Withrop re- 
port the development of a high-speed motion picture 
camera which takes unblurred pictures at the rate of 
5000 a second (7). Dr. Arthur D. Little reports the 
reduction of exposure time to a millionth of a second. 
Applied to chemistry, this latter authority points to the 
value of such photography in obtaining pictures on 
the formation of chemical materials from which to se- 
cure significant information, and then concludes with 
these words, ‘“‘A future of industrial usefulness is ap- 
parently in store for high-speed photography applied to 
time as the microscope and telescope have been applied 
to space (8).”” 

In the field of micro-photography and projection, 
the recent developments have been equally amazing. 
Goetz and Romer, for example, have developed an ap- 
paratus suited to micro-cinematography of such things 
as the determination of the falling speed of suspended 
colloid particles in an ultramicroscope, and of the 
growth of etch figures on crystal planes produced by 
electrolysis (9). Loveland and others have developed 
a sixteen-millimeter camera with a beam splitter eye- 
piece making it possible to observe the action and the 
field while the picture is being made (10). 

In addition to such types of photography should be 
mentioned: photography of metals at high heat (11); 
stroboscopic photography (12); and cineradiography 
(13); as well as laminography by way of X-rays (/4). 
Obviously, the records from all such instruments will 
be found indispensable for purposes of scientific study 
and for teaching. By some authorities, for example, 
the laminograph idea is considered the greatest single 
step forward in the diagnosis of disease since the dis- 
covery of X-rays by Roentgen more than forty years 
ago. 

While few of us are directly concerned with the in- 
dustrial aspect of chemistry as it applies to the major 
industries in relation to visual aids in the classroom; 
and while we find that there is no immediate demand for 
the production of educational pictures on the scale de- 
manded by the theater, interest and insight attach 
themselves to the fact that chemical engineering has 
made possible continuous developing machines capable 
of handling 10,000 feet of positive film per hour, and 
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that in one Hollywood studio salvaged silver, amounting 
to 9000 ounces per month, is sufficient to pay for all the 
chemicals purchased (15). 

2. Projectors and Other Equipment.—Developments 
in the construction of the various types of visual and 
auditory equipment have rendered obsolete the pre. 
vious implications based upon engineering, economics, 
and education, as reported by the original Committee 
on Visual Aids. The high cost of sound equipment, for 
illustration, forbade its ‘‘use even for auditorium work” 
at that earlier time. The 35-mm. projectors of that 
time are rapidly being replaced by 16-mm. sound equip. 
ment which is less expensive to purchase and to oper. 
ate. Beyond this, there are indications which lead one 
to expect that 8-mm. equipment will eventually replace 
16-mm. silent equipment as a further step in the direc. 
tion of economy and efficiency. 

In the field of still pictures, lantern projection for 
photographic work, both in black and white and in 
color, may shift with many advantages to the two inches 
by two inches slide. The combination projectors suited 
to the use of single and double frame film slides, as well 
as to mounted slides of these dimensions, are meeting 
with a generous reception both in the home and in the 
school. The simplicity, efficiency, and inexpensive as- 
pects of such equipment are sure to meet with a wide 
acceptance once the possibilities are generally under- 
stood. 

Improved opaque projectors may be had as indepen- 
dent units, or in combination with standard stereopti- 
cons. The opaque projector, like all other devices, has 
its inherent possibilities. Thus Fillinger (16), report- 
ing on chemistry lecture experiments, shows how this 
machine may be used for the projection of experiments 
under magnification and with color changes shown on 
the screen. Such work, of course, implies the type of 
opaque projector which opens at the back rather than 
underneath since the hands as well as the apparatus 
must be brought up to the proper distance relative to 
the lamps and reflectors. The standard stereopticon 
will continue to serve in its province which includes the 
use of inexpensive or hand-made lantern slides. This 
type of slide includes material on etched glass (17), 
clear glass (18), clear glass surfaced with egg al- 
bumin (79), gelatine or other substance, ‘‘frosted’ 
gelatine (20), Kodalith (27), cellophane in independent 
slide form (22), typed cellophane (23), cellophane with 
aniline dye or transparent inks (24), cellophane in roll 
form (25), to say nothing of film lantern slides (26), and 
lantern slides made as enlargements from small nega- 
tives (27). The cellophane type of slide may be made 
for a very small fraction of a cent, each, if kept ut 
bound. An envelope will serve for an entire lecture set 
in this form, and the only important consideration 
concerning the storage of this material is that it must be 
kept in a dry place. One of the best solutions for the 
filing of permanently bound lantern slides is that of 
Lazier (28). For the hand-made slides, it appears that 
the field has never been thoroughly explored for possi- 
bilities relative to chemistry, or any other subject for 
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that matter, and that much remains to be done relative 
to desirable usage. 

3. New Materials and Bases of Instruction. (a) 
Film-slides.—It is interesting to note that the field of 
chemistry has not been overlooked with reference to the 
newer materials of instruction in the form of film-slides. 
The Buskett and Visual Sciences series of film-slides 
represent two sets of material covering elementary 
chemistry (29). The inexpensiveness and compactness 
of film slides are revealed by the fact that they rep- 
resent approximately a fortieth of the weight and a 
twelfth the cost of glass slides. 

Copies of books photographed, page by page, on a 
continuous roll of film is now a significant reality (30). 
Implications for chemical education include the follow- 
ing. 
“) Much thesis material which has represented a 
library problem and which, heretofore, has been inac- 
cessible may now be reproduced from typed copy and 
made available in much less bulky form. 

(2) The saving of time and expense in traveling to 
various campuses and countries may be reduced con- 
siderably. 

(3) Since duplicates of these compact film-slides may 
be had at a relatively small cost, there are material 
economic savings for the student. 

(b) Motion Pictures.—Except for an occasional in- 
dustrial film of merit, the Eastman series of silent teach- 
ing films on 16-mm. stock represent an outstanding 
development in recent years. Some of these films are 
designed to be used in more than one subject-matter 
field, such as the correlation of chemistry with other 
subjects. A valuable contribution which may come 
from the wise use of visual aids, and which is not em- 
phasized in the literature, is that such aids may help to 
direct and to control the amount and kind of correla- 
tion. The inherent values of the silent film should not 
be lost sight of because we have the more pretentious 
sound film coming into wide usage. 

The most important single source of sound films for 
educational use is Erpi Classroom Films, Inc. In 
coéperation with the University of Chicago, this com- 
pany is producing a Science series of more than twenty 
films. It is significant to see that we are beginning to 
have some examples of educational films, both silent 
and sound, which embody the wealth of research that 
has been accumulating on the subject of what an educa- 
tional picture should be like. Sound films together 
with radio, silent film, and film-slides either in strip 
form or individually mounted represent an intermedi- 
ate step toward television. Constructive gains for the 
use of visual aids in the average secondary schools im- 
ply, among other things, a sound economy. For this 
teason we need to avoid as far as possible the regular 
use of the less expensive silent film in the more expensive 
sound equipment. 

(c) Museum and Field Trips—Museum and inspec- 
tion trips, if properly organized and directed, may be 
most effective teaching devices. Suggestions for the 
improvement of chemical museums have been ably pre- 
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sented by Doyle (31). A significant question for those 
interested in chemical education is that concerned with 
how much use is made of the actual facilities and of the 
charts and other visual aid materials originating from 
such sources as the Rosenwald Museum of Science and 
Industry (32). Babbitt’s account of the inspection 
trip, incidentally, is one of the better guides to this 
special activity from the standpoint of college groups 
(33). 

(d) On the Nature of the Learner.—As Umstattd has 
aptly pointed out in his new text “Secondary School 
Teaching,” ‘‘The planning of learning exercises which 
will result in advantageous use of visual aids requires of 
the teacher much specific knowledge and many definite 
skills (34).”” Beyond a foundation of understanding 
implied by the types of visual aids, their mechanical 
possibilities and limitations, and correlation with each 
other as well as with the subject matter concerned, 
there is the imperative demand that the teacher shall 
be able to re-evaluate the characteristics of the learner, 
in relation to allsuchaids. To such an end, Dr. L. L. 
Thurstone has arrived at the seven ‘‘dimensions”’ of the 
intellect and presents evidence to show that “‘percep- 
tual speed” and ‘‘visualization” are two of the seven 
primary abilities (35). Dr. G. T. Buswell has revealed 
important implications for teachers concerning the re- 
lationship of motivation to analytical and other desir- 
able types of experience, through a study of eye-move- 
ments (36). From another angle, Dr. R. M. Barnes 
has been studying body motion in relation to time (37). 
Such findings should be of value in directing the stu- 
dent’s learning exercises, inasmuch as we should be con- 
cerned with what Alexis Carrel calls the whole person- 
ality. 


III. SIGNIFICANT NEEDS 


(a) Textbooks.—In the realm of textbook illustration, 
there appears to be few if any chemistry texts illus- 
trated with stereographic views and vitalized sketches 
which begin to approach Dr. Lemon’s striking book, 
“From Galileo to Cosmic Rays’ (38). Authors of 
few chemistry books, indeed, have made use of the 
criterion of a challenging question under each picture 
for the purpose of directing attention or of stimulating 
interest and driving power. Other suggestions are to 
be found in the reports of Schwartzman (39), and of 
Orth (40). 

Authors and publishers, I believe, might well adopt 
a plan of including in the chapter or unit, if not in an 
organized appendix, lists of visual and auditory aids 
specifically suited for use in connection with the chemi- 
cal information involved in the given text. 

(b) Teacher Training.—One of the most significant 
needs related to visual and auditory instructional 
aids is found in the fact that teacher-training courses are 
relatively scarce, except in Pennsylvania. This status 
of affairs over the country as a whole has led directly 
to many difficult problems in classroom usage as well as 
in efficient administration of such programs. 
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It is unreasonable to hope that there will be an ade- 
quate understanding or an efficient use of visual and 
auditory aids, until Colleges of Education train the pro- 
spective teachers in the fundamentals of such work. 
Laboratory courses rather than survey courses are the 
more desirable approach to the problem. In teacher 
training it is possible to direct the observation of the 
lesson, as Dr. Ella C. Clark has shown, with the aid of a 
stereoptican and do it without disturbing the students 
(41). Another idea for teacher-training institutions in- 
volves the architecture, which makes possible the use 
of one-way vision screens. Dr. Arnold Gesell 
states that this screen holds “many possibilities for edu- 
cation” and he looks forward to the time when it will 
“come into its own in schools and teacher-training in- 
stitutions” (42). We cannot hope to develop the ablest 
type of teacher in the time at our disposal unless the 
training schools, even to the extent of the architectural 
units, reflect the best thinking of our day. 

(c) Committee on Visual and Auditory Aids.—A 
Committee on Visual and Auditory, or Sensory Aids 
in the Division of Chemical Education, of the American 
Chemical Society, is a significant need. The increas- 
ingly common use of sound in connection with visual 
aids implies that the Committee should have a greater 
scope of activity than that of the original Committee. 
The possible functions of this reorganized Committee 
included: (i) Maintaining relations with the American 
Film Institute operating under the guidance of the 
American Council of Education (43), and through which 
the “Educational Film Catalogue” (44) has made its 
long-needed appearance. (ii) Making approvals on the 
basis of special standards for the various types of visual 
and auditory aids. This is necessary, since the Ameri- 
can Film Institute serves merely to coérdinate and does 
not censor films or even give positive approval which is 
more practical. (iii) Encouraging the production of the 
specialized needs for visual and auditory aids. Surveys 
should be conducted to find those difficult parts of sub- 
ject matter and those phases for which there is a definite 
need for visual and sensory aids. Such information 
should be checked against trends related to the subject. 
Major trends in curriculum revision should not be over- 
looked. The material should be produced for restricted 
grade levels; that is to say, the treatment for senior 
high schools should be separated from that for colleges. 
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Encouragement should be given for the production of 
part reels where the subject matter actually require 
less than a full reel. Finally, there should be encoy. 
agement for the use of one aid to support another 
We should be able to pass from a motion picture tog 
still picture, in the form of a lantern slide or film Slide, 
or vice versa, at a moment’s notice. This is a practical 
consideration since in the case of films, particularly 
sound, it is undesirable or impossible to stop on the 
film for a “still” picture. (iv) Developing and pub. 
lishing details whereby the classroom teacher may pro. 
duce visual aids of genuine teaching value (45). (y) 
Encouraging the authorship of feature articles and le. 
son plans for publication in the JOURNAL OF CHEMICAL 
EDUCATION which will support the approved films and 
other visual aids for which there are no teacher’s many. 
als. A project on copper (46), reported some time ago, 
illustrates some of the possibilities in connection with 
the need for such detailed plans. (vi) Encouraging 
the use of visual and auditory aids on the basis of in. 
herent values and with emphasis at points where the 
literature appears weak. This can best be accom: 
plished through the JouRNAL OF CHEMICAL EpDucaTion, 
(vii) Selecting and publishing articles involving architec. 
tural designs for classrooms, lecture rooms, and labora. 
tories. Here emphasis should be made on the facility 
with which various types of aids may be used. 

(d) Experimental Studies—Experimental studies spe- 
cifically related to chemistry in relation to films and 
slides have been fragmentary in nature, and generally 
have been concerned with the problem of whether or 
not such aids could be considered beneficial in the learn- 
ing process. Frequently, in the past, these studies er- 
tailing much time and effort were not conceived as 
joint efforts of the chemistry, psychology, education, 
and other departments (47). It appears that too few 
studies have been made which involve various types oi 
still pictures, and there is a definite need for studies in 
the direction of visual and auditory aids suited to the 
needs of the changing conception of curriculum con- 
tent. 

Many of the significant developments related to 
visual and auditory aids are the fruits of chemistry. 
For those interested in the field of chemical education, 
work with such aids offers a number of opportunities of 
genuine value in furthering chemical knowledge. 
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QUALITATIVE ANALYSIS without 
HYDROGEN SULFIDE’ 


C. J. BROCKMAN 


University of Georgia, Athens, Georgia 


T IS necessary in a business concern to pause at 
least once a year to take an inventory of its present 
state of affairs. This is essential for the safety of 

the stockholders, as well as for the health of the organi- 
zation. 

It is advisable—even highly advisable—for an in- 
dividual to undergo an annual physical examination, 
not only to determine the present status of deteriora- 
tion or disease, but also to be a forewarning to‘future 
difficulties. 


_* Presented before the Division of Chemical Education at the 
ninety-third meeting of the A. C. S., Chapel Hill, North Carolina, 
April 14, 1937. 


Is it not, therefore, advisable, or at least appropriate, 
to take stock, so to speak, of the present status of 
qualitative analysis—not to determine only the present 
disabilities, but to look into the future and prognosticate 
some possible difficulties which may arise? 

Qualitative analysis has been practiced for many 
years. The first efforts were necessarily hit-or-miss, 
and I am in no position to say whether the hit or the 
miss predominated. Then in the hands of the first 
Fresenius, there was developed the scheme method, or 
systematic analysis. This procedure called for a sort 
of scheduled addition of reagents in a prearranged 
order, with appropriate filtrations, resolutions, and the 
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like, in the process of which the formation of char- 
acteristically colored precipitates indicated the pres- 
ence of certain elements or, as we now say, of ions. 
The absence of these precipitates, of course, indicated 
the absence of such substances. This eliminated the 
hit-or-miss method, so that the analyst was certain that 
no element was overlooked. 

According to Fresenius, the basis of the more im- 
portant or group separations required the use of hydro- 
gen sulfide. To a chemist, hydrogen sulfide is not 
unpleasant in odor; one becomes immune to it, but to 
the uninitiated, it is terrible. 

As chemists, we have probably developed such an 
immunity to the odor of hydrogen sulfide that we do not 
recognize it as a deadly poison. The literature of our 
science is replete with studies of the poisonous nature 
of this foul-smelling gas. I only quote one value, 
namely, that in concentrations as low as 0.05 per cent., 
by volume in air, hydrogen sulfide may be fatal; when, 
by virtue of an individually strong resistance, a victim 
escapes death, then he at least suffers some major 
physiologic disturbances.'_ Hydrogen sulfide is a very 
definite industrial poison and is so considered, except 
by most teachers of qualitative analysis. This condi- 
tion may be the result of the force of circumstances 
in that buildings and equipment are antiquated, or it 
may be that it is inertia on the part of the teachers. 

Please do not misunderstand my attitude in pre- 
senting this discussion. I am condemning no one, nor 
am I casting aspersions on any of the accepted pro- 
cedures—I am taking an inventory of present practices 
in the art and science of teaching. qualitative analysis. 

I have been interested in qualitative analysis without 
hydrogen sulfide for about fifteen years, and there is 
nothing sacred, if I may use the expression, in a pro- 
cedure with or without hydrogen sulfide. As a peda- 
gogue I am interested in the methods of teaching 
qualitative analysis. By ‘‘methods’’ I do not give to 
this word the meanings which are usually assigned to 
it by departments and professors of education. So 
aside from the physiological aspects of hydrogen sul- 
fide, let us inquire into the methodology of qualitative 
analysis. 

With the development of the theory of ionization, 
there soon developed a beautiful bit of theory to ex- 
plain the solubility or insolubility of certain of the 
compounds, which are the basis of qualitative analysis. 
And so the theoretical background has finally been 
developed. 

However, I am forced by the present state of our 
theory and practice to remind you that the great bulk 
of the data on which this beautiful theory is based has 
been determined for single precipitations from pure 
solutions in which ionic concentrations must be deftly 
and accurately controlled, but which is impossible in 
many cases when foreign ions are present. 

The hydrogen sulfide scheme methods require close 





1 Savers, R. R., N. A. C. Situ, et al., “Investigation of toxic 
gases from Mexican and other high-sulfur petroleums and prod- 
ucts,”” Bureau of Mines Bulletin 231, 1925, pp. 73 seq. 
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control of the experimental conditions, such as pH, 
concentration, temperature, and so forth, which cap. 
not be met for any one cation when a large number of 
other ions are present. On the other hand, this state. 
ment applies to any scheme of analysis and is not a diff. 
culty inherent in the hydrogen sulfide scheme only, 

The steady neglect of this viewpoint has led to the 
development of many books concerned with theoretical 
qualitative analysis. But more than this, it has almost 
taken experimental chemistry out of qualitative analy. 
sis, so that now our qualitative analysis has been con. 
verted into a study of the physical chemistry of solu- 
tions of electrolytes. There was a time when the 
visible characteristics of inorganic compounds were 
studied systematically. It is too much to require that 
all this information be obtained in an elementary 
course in chemistry. Most textbooks on inorganic 
chemistry give just passing mention to many of the 
compounds of the metals. Therefore, it is essential 
that this information be garnered by a close study of 
these compounds in the qualitative laboratory where 
equations should be written and understood. 

The theory which has been developed around hydro- 
gen sulfide precipitation has put the cart before the 
horse to the extent that a student can calculate the 
number of milligrams of cadmium ions left in a solu- 
tion containing 0.1 N hydrogen chloride at 25°C. after 
saturation with hydrogen sulfide, but he does not know 
that ammonium polysulfide [(NH,)2S,] is a very poor 
reagent for qualitative separations. 

That the scheme of hydrogen sulfide separations is 
lacking in refinement is indicated by the enormous 
number of modifications of the separations within the 
major groups, which have appeared in the literature. 
Of course, some of these are improvements, and some 
are makeshifts. 

On the other hand, I have records of at least thirty 
methods of schematic analysis for the usual metal ions 
in which hydrogen sulfide has been eliminated. Some 
of these make use of reagents, which evolve hydrogen 
sulfide and so use the hydrogen sulfide groupings 
without the undesirable features of hydrogen sulfide. 
Then, there are methods in which the whole list of 
metals is regrouped, and no resemblance to the classical 
scheme is shown. Each of these methods has some 
advantage, as well as some disadvantage, but the 
one disadvantage which is never present is the fact 
that with each scheme all of the necessary theory of 
precipitation, solution, and so forth, can be developed. 
As long as we have compounds in schematic analysis, 
we will have the solubility product principle, complex 
compounds, and all the theories which attend them. 

Would it not be more advantageous to return qualita- 
tive analysis to the realm of the laboratory where com 
pounds and equations are studied, and put less stress 
on the theory of it? If the theory is necessary, why 
not let it be developed in physical chemistry or evel 
in a course in stoichiometry? Then these mathemati 
cal transformations need not clutter up the expet: 
mental chemistry of the qualitative laboratory. 
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With this introduction I now submit for considera- 
tion a method of qualitative analysis without hydrogen 
sulfide. This method has received considerable atten- 
tion in various laboratories and has been found entirely 
satisfactory for introductory work in the subject.” 


TABLE 1 
GENERAL SCHEME OF ANALYSIS BY GROUPS 





The solution may contain all the common basic Test original material 


























constituents. Add HCl in slight excess and filter | for Group VI (P. 40) 
(P. 1) 
Precipitate: Filtrate: Groups II, III, 1V, V. Add H2SO, and alcohol; 
AgCl warm and filter (P. 4) 
PbClz Precipitate: Filtrate: Groups III, IV, V. (Test 15 ce. 
Hg2Clz BaSQs of the Group II filtrate for Na+ and K+, by 
Group I SrSOx Group VI.) (P. 41-42) To remainder add 
(P. 1-3) CaSO. KOH in excess; then boil, and add Na2O2 and 
PbSOs boil. Filter (P. 13) 
Group II Filtrate: Precipitate: Groups IV, V. 
(P. 4-12) K2SnOs3 Dissolve in HNO: + HCI; 
KAIO2 neutralize by (NHi)2CO;; add 
KSbOs NH,OH and (NH,1)2HPO,. Fil- 
KeZnO2z ter (P. 24) 
K2CrOu Precipitate: | Filtrate: 
KsAsOu MnNHiPQ: | Complex am- 
Group III FePO, monium salts 
(P. 13-23) BiPOu of Cu, Hg, Co, 
MgNHsPO, | Ni, Cd 
Group IV Group V 
(P. 24-31) (P. 32-39) 
GROUP I 
Procedure 1. Precipitation of Group I.—To the 


cold solution (30 cc. in volume) contained in a beaker 
add 6 N HCl, drop by drop, and continue adding this 
acid until the precipitation is complete. Filter and 
wash three or four times with N HCl, catching the 
washings in the same vessel with the filtrate. Treat 


TABLE 2 
ANALYSIS OF GrouP I (P. 1 To P. 3) 











Precipitate: AgCl, PbCle, Hg2Cle Extract with boiling water (P. 2) 
Filtrate: PbCle Add Residue: AgCl, Hg2Ch. Extract with 
K:Cr.O; to precipitate yel- | NH:OH (P. 3) 
low PbCrOx (P. 2) Filtrate: Ag(NHs)2Cl. Residue: Black 


Add dilute HNOs; in excess 
to precipitate white AgCl 
(P. 3) 


white precipitate (Group I AgCl, PbCh, Hg2Cl) by 
P.2. Treat filtrate (Groups II, III, IV, V) by P. 4. 
If no precipitate forms, treat the solution by P. 4. 

Procedure 2. Extraction and detection of lead.— 
Pour 10 cc. of boiling water over the residue from P. 1 
on the filter paper. As this liquid runs through, catch 
it in a test-tube and divide into two portions. To one 
portion add 1 cc. of HNO; and 2 cc. of 3 N KeCreOr. 
Yellow precipitate: PbCrO,. To the other portion 
add 1 cc. of H2SO,. White precipitate: PbSO,. If 
no precipitates form, then PbCl, was absent in the 
Group I residue. 

Procedure 3. Detection of silver and mercury.— 
If lead chloride is present in the residue (P. 2), continue 
to wash it with 10-cc. portions of boiling water, allow- 
ing each portion to run through the filter before adding 
the next; when a 10-cc. portion gives no reaction with 
K:CrO, or with H2SO,, the residue is free from PbCh. 


*Munro, L. A., Can. Chem. Met., 17 (Dec., 1933); J. CHEM. 
Epuc., 11, 242 (1934); Cf. Brockman, C. J., “Qualitative 
Analysis,” Ginn and Co., Boston, Massachusetts, 1930. 


HgNH:Cl + Hg 
(P. 3) 
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When the residue is known to be free from PbCh, 
pour 5 to 10 cc. of NH,OH over it. Black residue on 
filter paper: Hg. Acidify (litmus paper) the clear 
filtrate with HNO;. White precipitate: Ag(Cl. 


GROUP II 


Procedure 4. Precipitation of Group II.—The filtrate 
from Group I (from P. 1) should be evaporated to 30 
ce., if it is larger in volume. Add 3 cc. of 2 H2SO, 
and 30 cc. of ethyl alcohol and stir well. Filter. Resi- 


TABLE 3 
ANALYsIs OF Group II (P. 4 To P. 12) 


Residue from treatment with H2SOs and alcohol (P. 4): BaSOs, PbSOs,, 
CaSOu, SrSOs. Boil (P. 5) with 4 N NazCOs, filter, dissolve residue (P. 6) 
in HNOs, and filter; neutralize by NaOH, acidify with HC2H3:O2, add Ke- 
CrOu, and filter 

Residue: BaCrOs and PbCrOu.. 
Treat with NaOH; filter (P. 7) 





Filtrate: Ca**+ and Sr**+. Make 
ammoniacal and add KuFe(CN)s; 
filter (P. 10) 

Residue: CaKe- 

Fe(CN)6é (P. 10) 








Filtrate: 
Se**. Add 
(NH4)2SO4 to 
precipitate 
SrSOu (P. 11 
and P. 12) 


Filtrate: Pb**. 
Add HC:H:;0: to 
confirm PbCrO, 
(P. 9) 


Residue: BaCrOs 
(P. 8) 


due: Group II, by P. 5. Filtrate by P. 13 for Groups 
III, IV, V. Wash twice on the filter paper with a 
1:1 solution of alcohol and water. 

Procedure 5. Treatment of the insoluble sulfate 
precipitate—Transfer the residue from P. 4 to a beaker 
or large evaporating dish and boil with 50 cc. of 4 
N Na,CO;; filter and discard the filtrate. Transfer 
the residue to a beaker and boil with another 50 cc. 
of 4 N NasCO;; filter and discard the filtrate. 

Procedure 6. Separation of Ba and Pb from Ca and 
Sr.—Dissolve the residue (from P. 5) in a very little 
warm dilute nitric acid; just neutralize the excess of 
free acid with NaOH, acidify with acetic acid, and add 
1 g. of solid sodium acetate. Add a few drops of N 
K2CrO, solution until the precipitation is complete. 
Filter and wash the residue with hot water. Yellow 
precipitate: BaCrO, and PbCrQ., by P. 7. Filtrate: 
Sr++ and Cat+, by P. 10. 

Procedure 7. Separation of barium from lead.— 
If the residue from P. 6 is large, transfer it to a 30-cc. 
test-tube and add 5 cc. of 4 N NaOH, shake well, and 
filter. Residue: BaCrO,, by P. 8. Filtrate: NaH- 
PbOs, by P. 9. 

Procedure 8. Confirmation of barium.—The flame 
test gives a green coloration. 

Procedure 9. Confirmation of lead.—To the filtrate 
from P. 7 in a test-tube add acetic acid until the solu- 
tion has an acid reaction (litmus). If lead ions are 
present a yellow precipitate of PbCrO, will be formed. 

Procedure 10. Separation of calcium from strontium. 
—Make the filtrate, from P. 6 reserved above, am- 
moniacal by the addition of concentrated NH,OH, heat 
to boiling, and add 20 cc. of a concentrated solution of 
K,Fe(CN)., and heat again. Filter. Residue: Ca- 
K2Fe(CN).s. Filtrate: Sr++, by P. 11. 

Procedure 11. Precipitation of strontium.—Add a 
solution of ammonium sulfate to the filtrate from P. 
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10. A white precipitate indicates the presence of 
SrSO,. Filter and confirm by P. 12. 

Procedure 12. Confirmation of strontium.—Moisten 
a clean platinum wire in concentrated HCl and touch 
it to the precipitate obtained in P. 11; make a flame 
test for Sr**. 


GROUP III 


Procedure 13. Separation of Group III.—Make the 
filtrate from P. 4 (not over 100 cc. in volume), contained 
in a porcelain dish, alkaline with an excess of 6 N KOH, 
boil to evolve all the free NH; and to eliminate the 
excess of alcohol. Add 15 cc. of 6 N KeCOs solution 
and boil at least five minutes, adding small amounts of 
Na,Oz from time to time, to completely oxidize the 
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add a Zn strip to completely remove all the Sn in the 
form of the metal. When all the Sn has been displaced, 
filter, and to the clear filtrate add NH,Cl and an excess 
of NH,OH. Feathery white precipitate is Al(OH), 
filter and confirm the presence of Al(OH)s by P. 18, 

Procedure 18. Confirmation of aluminum.—Dis 
solve the precipitate obtained in P. 17 in 5 cc. of 3V 
NH,C2H;:02 and 5 cc. of a 0.1 per cent. solution of 
aluminon. Mix thoroughly and let stand for a fey 
minutes. Make this solution alkaline with NH,OH 
containing (NH4)2CO3. A bright red precipitate per. 
sisting in an alkaline solution indicates the presence of 
aluminum ions. 

Procedure 19. Separation of antimony.—Use the 
filtrate from P. 15. Divide it into two parts; one part 


TABLE 4 
ANALYSIS oF Group III (P. 13 To P. 23) 





Filtrate from treatment (P. 13) with KOH, K:COs, NazOz: KA1Oz, K2ZnO2z, K2CrOx, KSbOs, KsAsQu, and K2SnOs. 


Na:COs; boil and filter (P. 14) 


Neutralize by HNO;; add excess solid 





Residue: Al(OH)s, HSbOs, Sn(OH)«, Zn(OH)s. 
filter (P. 15) 


Dissolve in HCl; add NHiCl and NHiOH; boil and 


Filtrate: KeCrOs, KsAsO«u. Divide into two 


parts 





Residue: Al(OH)s, Sn(OH)s. Dissolve in HCl; 


divide into two parts two parts 


Filtrate: NH«SbOs, (NHi)2ZnOz. Divide into 


Part 2, As0,", 
Acidify with strong 
HNO; add equal vol- 


Part 1. CrOu". 
Slightly acidify with 
HNOs; cool, add 1 cc. 





Part 1. Acidify by 
HCl; add Fe nail. 
Black precipitate is Sb. 
Filter and dissolve in 
FeCl; and HCl; boil 
with NazS:03. Red pre- 
cipitate: SbeOSe (P. 19 
and P. 20) 


Part 2. Test for Al. 
If Sn is present, add 
Zn strip, warm, filter. 
To filtrate add NH,Cl, 
NH.OH; warm to pre- 
cipitate Al(OH)s. If 
Sn is absent, add NHi- 
Cl, NH,OH; warm to 
precipitate Al(OH): 
(P. 17 and P. 18) 


Part 1. Test for Sn. 
Add Fe nail; Warm. Fil- 
ter into HgCl:.. Precipi- 
tate: HgCl or Hg indicates 
Sn (P. 16) 








solution; about 2 g. of NaeO: will suffice. Now add an 
equal volume of water, cool, and filter. Wash the 
residue with boiling water. Residue: Groups IV and 
V, by P. 24. Filtrate: Group III, by P. 14. 

Procedure 14. Separation of Al, Sb, Sn, Zn.—Neutral- 
ize the filtrate from P. 13 with HCI until any precipitate 
which may form in the solution just redissolves. Add 
a slight excess of solid Na,CO; and boil for a few 
minutes. Filter and wash the residue with water. 
Residue: Al(OH)s, Sn(OH)s, Zn(OH)2, HSbOs, by 
P.15. Filtrate: AsO,™, CrO,", by P. 22 and P. 23. 

Procedure 15. Separation of Al(OH); and Sn(OH)4.— 
Transfer the residue from P. 14 to a beaker or a dish, 
dissolve in a little hot dilute HCl, add 1 to 2 g. of solid 
NH,Cl, then make ammoniacal with NH,OH, boil and 
filter, wash the residue with hot water. Residue: 
Al(OH)s, Sn(OH),, by P. 16. Filtrate: NH,SbOs, 
(NH,4)2ZnOz, by P. 19 and P. 21. 

Procedure 16. Separation and confirmation of Sn.— 
Dissolve the residue from P. 15 in HCl and divide this 
solution into two parts. Test one part by P. 17 for 
Al+++, To the other part add an iron nail, or pow- 
dered iron, warm, and let stand for ten minutes, then 
filter into a saturated solution of HgClh. White 
precipitate turning gray is HgCl or Hg, which indicates 
the presence of Sn**. 

Procedure 17. Separation of aluminum.—To one 
part of the solution obtained in P. 16, if Sn** is present, 


ume of (NH4)2Mo0, 
warm, Yellow precipi- 
tate indicates As0,° 
(P. 23) 


ether and one drop 
H:0:. ‘“Etherin-blue 
test” (P. 22) 


Part 2. Add KuFe- 
(CN)s. White precipi- 
tate: KeZnFe(Cn)6 (P. 
21) 











for the antimony test, the other for the zinc test by P. 
21. To the part to be tested for Sb add 5 cc. of HCI, or 
as much as is required to definitely acidify it, and an 
iron nail. Warm and let stand for ten minutes. 
Feathery black incrustations on the nail indicate the 
presence of metallic Sb. Residue: Sb, by P. 20. 
Filter and wash once with water and remove the in- 
crustations from the nail. 

Procedure 20. Confirmation of antimony.—Pick out 
the nail and scrape off as much of the Sb as possible. 
Dissolve this Sb in FeCl; and HCI with boiling; to the 
resulting solution add NagS,O3 and boil again. Red 
precipitate is Sb,OS:. 

Procedure 21. Separation and confirmation of zinc.— 
To the ammoniacal solution reserved in P. 19 adda 
solution of K,[Fe(CN)s]. White precipitate indicates 
the presence of Zn ions. 

Procedure 22. Confirmation of chromium.—The fil- 
trate from P. 14 will be distinctly yellow-colored if the 
CrO,;" is present. To about 10 cc. of this solution 
add a few drops of HNO; to acidify; cool thoroughly, 
add 1 cc. of ether and one drop of three per cent. H20y 
and shake. A blue color in the ether layer confirms 
the presence of CrO,™. 

Procedure 23. Detection of arsenic—To the te 
mainder of the filtrate from P. 14 add strong HNO; 
to acidify it, then add 15 cc. of a solution of (NHj)r 
MoQ,, and heat to boiling. Yellow precipitate, rather 
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N excess 
(OH); 
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sow to form, indicates the presence of the AsO;" ion. 





GROUP IV 


Procedure 24. Separation of Groups IV and V.— 
Dissolve the residue containing Groups IV and V 
(from P. 13) in hot 6 N HNOs, using as little as possible 
to get complete solution; if necessary, add a few drops 
of a twenty per cent. solution of NaNO, and boil. 
Nearly neutralize this solution with solid (NH4)2COs 
until any precipitate which forms just redissolves, 
then pour into an equal volume of warm concentrated 
NH,OH with continuous and vigorous stirring. Add 


TABLE 5 
ANALYSIS OF Group IV (P. 24 To P. 31) 
Precipitate is the phosphates of Mn, Fe, Ki, Mg. Dissolve in concentrated 
HNO: + NaNO:. Boil and add solid KCIO;. Dilute and filter (P. 25) 


Residue: MnO:. Filirate: Bit*+, Fet+*+, Mg**. Add excess 
Identify by bead NH,OH and NH,CI, boil and filter (P. 27) 
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test (P. 25 and P. Residue: Bi(OH)s and Fe- Filtrate: Mg**. 

cess solid 28) (OH):. Dissolvein HCl; divide | Add excess of Nas- 
solution into two parts HPs, boil to pre- 
into two Part 1. Add Part 2. Add | cipitate MgNHi- 
“@ KiFe(CN)s. Na:S:0: and | POs (P. 31) 

hoe, Blue _precipi- | boil to precipi- 
, pre tate test for | tate black BisS, 
qual vol iron Fes(Fe- | (P. 28 and P. 
[4)2Mo04 (CN)e)3 (P. 30) .| 29) 
W precipi. fe ? 
s As0' B 10 cc. of a N solution of (NH4)2HPO. Filter by de- 





cantation and wash the residue with hot two per cent. 
NH,OH (one part of dilute NH,OH to four parts 
H,0). Residue: Group IV, by P. 25. Filtrate: 
Group V, by P. 32. 

Procedure 25. Detection and separation of man- 
ganese.—In a porcelain dish boil the residue (from P. 
24) in a small volume of concentrated HNOs, with the 
addition of a twenty per cent. solution of NaNOs, 
drop by drop, until the residue is entirely dissolved, 
then continue to boil until all the red fumes are gone, 
and until the volume is 10 to 15 cc. To this con- 
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TABLE 6 
ANALYSIS oF GrouP V (P. 32 To P. 39) 
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contained on a small watch glass and heat again. 
Green or bluish green bead indicates NagMnQ,. 

Procedure 27. Separation of bismuth and iron.— 
Add a few drops of a solution of potassium sulfate 
to the filtrate from P. 25. Any precipitate will be the 
sulfates of Ca, Sr, Ba, or Pb, and must be filtered and 
analyzed according to the scheme for Group II. To 
the filtrate from this sulfate precipitate add an excess 
of NH,OH and 1 g. of solid NH,Cl. Filter any pre- 
cipitate which forms and wash it with boiling water. 
Residue: Bi(OH)3 and Fe(OH)s, by P. 28. Filtrate: 
Mg?*", by P. 31. 

Procedure 28. Separation of bismuth.—Dissolve the 
residue from P. 27 in as little HCI as is required. Di- 
vide the solution into two parts; use one part for the 
detection of Fe by P. 30. To the other part add 3 cc. 
of HCl, 1 g. of solid NagS,03, and boil until the pre- 
cipitate coagulates. Black precipitate: Bi,S;. Filter 
and wash with water, and confirm by P. 29. 

Procedure 29. Confirmation of bismuth—Boil the 
residue from P. 28 in a little concentrated HNO; until 
even the free sulfur has been dissolved, or at least is 
clear yellow in color. Add an excess of NH,OH and 
filter. Treat the residue on the paper with 5 cc. of 
boiling freshly prepared sodium stannite solution. 
Black residue indicates Bi. 

Procedure 30. Confirmation of iron—To the HCl 
solution reserved in P. 28 add a few drops of potassium 
ferrocyanide solution. Blue precipitate: presence of 
iron. 

Procedure 31. Confirmation of magnesium.—To the 
ammoniacal filtrate from P. 27 add an excess of di- 
sodium phosphate solution. A white crystalline pre- 
cipitate (MgNH,PO,) indicates the presence of Mg**. 
The precipitate should be soluble in HC,H;02. To the 
acetic acid solution add 0.2 cc. of Titan yellow, then a 





sible. 





Filtrate is solution of phosphates of Hg**+, Cu*+*+, Cd*+*, Cot*, Nit+* in NH,OH: Acidify with HCl, boil with Na2S2Os,, filter through a double filter, wash 
(P .32) 





to the Residue: HgS, CuS. Wash, boil with HNO,, filter (P. 33) 





Filirate: Cott, Cd**, Ni**. 
two parts (P. 36) 


Make ammoniacal, then acid by HC:H;0:, divide into 





Red Filtrate: Cu*+*+. Add NHi- Part 1. 
OH, then acidify with HC2z- 


H302, add KisFe(CN)e (P. 35) 


Residue: HgS. Dissolve in 
aqua regia, confirm with SnCl: 
(P. 34) 






nc.— 
dd a 
icates 





8-naphthol 












Test Co**. 
KNO: and let stand (P. 36). 
Optional: Test with a-nitroso- 





Add Part 2. Test for Ni** and Cd**. Add dimethyl- 


glyoxime and NH,OH, warm, and filter (P. 37) 





Filirate: Test Cd**. Add 
excess NHiCl, NHsOH, and 
H:02, warm, and pour into 
equal volume of NHiClOy 
(P. 38 and P. 39) 


Residue: Ni-dimethyl- 
glyoxime 





ie fil- 
if the 
ution 
ghly, 
H 20x, 
firms 


centrated boiling solution add in small portions from 
time to time, with stirring, a total of 1 g. of solid 
KCIO;, continuing gentle boiling for two to three 
minutes. Cool, dilute with 10 cc. of cold water, and 
filter. Residue: MnOs, by P. 26. Filtrate: Fet+++, 
Bi+++, by P. 27. 

Procedure 26. Confirmation of manganese—On a 
sodium carbonate bead take up a very small amount of 
the precipitate obtained in P. 25 and heat. While 
still hot dip the bead into a little powdered KCIO; 








. 1S 
[NO; 
Hy)r 
ither 







slight excess of 4 N NaOH. A red flocculent pre- 
cipitate confirms the presence of Mg(OH)>. 


GROUP V 


Procedure 32. Separation of mercury and copper.— 
Acidify (litmus) the filtrate from P. 24 with HCl, add 
1 g. of solid NapS.O3, and boil for several minutes; 
filter and wash the residue once with water. Residue: 
HgS and CuS, by P. 33. Filtrate: Cdt+, Co**, 
Ni*+, by P. 36. 
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Procedure 33. Separation of mercury.—Boil the 
residue from P. 32 with 10 cc. of dilute HNOs, filter, 
and wash the residue with water. Black residue: 
HgS, confirm by P. 34. Filtrate: Cut*, by P. 35. 

Procedure 34. Confirmation of mercury.—Dissolve 
the residue from P. 33 in aqua regia, about 10 cc. of 
the mixed acids, boil the resulting solution free from 
excess oxidant and filter into a solution of SnCh. 
White or grayish precipitate is HgCl or Hg. 

Procedure 35. Confirmation of copper.—If the filtrate 
from P. 33 is blue, copper is indicated. Make the 
solution ammoniacal to get an intense blue coloration 
if copper ions are present. Acidify the solution with 
HC;H;0;, and add a solution of K,[Fe(CN).] to get a 
reddish coloration with traces of copper ions, or a red 
precipitate with larger quantities of copper. 

Procedure 36. Detection of cobalt.—To the filtrate 
from P. 32 add NH,OH in just a slight excess and 
filter any precipitate which forms (boiling may aid 
in coagulating the sulfur which may separate). Now 
acidify this solution with acetic acid and divide it into 
two parts: one for the detection of cobalt and one for 
the detection of nickel and cadmium, by P.37. To the 
first part add an equal volume of potassium nitrite, 
warm, and let stand for a few minutes. Yellow pre- 
cipitate indicates the presence of KsCo(NOs)s. An 
optional method involves the use of the a-nitroso-f- 
naphthol test. 

Procedure 37. Detection and confirmation of nickel.— 
To the second part of the solution which was reserved 
in P. 36 add a solution of dimethylglyoxime until an 
excess is present and then add a slight excess of NH,- 
OH, boil to coagulate the precipitate and make it 
crystalline. Filter. Filtrate: test for Cd*++t, by P. 
38. 

Procedure 38. Detection of cadmium.—To the filtrate 
from P. 37 add 2 g. of NH,Cl, then NH,OH and a few 
cubic centimeters of three per cent. H,O2 and warm. 
Pour this solution into an equal volume of twenty per 
cent. NH,ClO, in NH,OH. White precipitate is 
Cd(ClO,)-4NH;. Confirm by P. 39. 

Procedure 39. Confirmation of cadmium.—Filter the 
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precipitate of Cd(ClO,)2-4NHs3 obtained in P. 38 ang 
wash it with ten per cent. NH,OH. Dissolve it into 
2 cc. of dilute HCI, add an excess of NH,OH and then 
3 cc. of thirty per cent. KI solution. A white precipj- 
tate is Cd(NHa)ele. 


GROUP VI 


Procedure 40. Detection of ammonium.—To a por- 
tion of the original solid material or solution add an 
excess of 6 N NaOH and boil gently; immediately test 
the gas which is evolved with moist red litmus paper, 
If the paper turns blue in color, ammonium salts are 
present. 

Procedure 41. Detection of sodium.—To 5 ce. of the 
original material add sufficient KOH solution to insure 
complete precipitation and then filter. Make the 


TABLE 7 
ANALYSIS OF GRouP VI 





For NHi*: To 5dcc. of the original material add an excess of NaOH solution, 
warm, and test the fumes for NHs (P. 40) 

For Na*: To 5cc. of the original material add a slight excess of KOH solu- 
tion (free from Na*) and filter. Make a flame test for Na with the filtrate 
(P. 41) 

For K*: To 5cc. of the original material add a slight excess of NaOH solu. 
tion (free from K.*) and filter. Make a flame test for K * with the filtrate 
(P. 42) 











filtrate slightly acid with concentrated hydrochloric 
acid and then moisten a piece of clean platinum wire 
with this solution and heat in the hottest part of the 
non-luminous Bunsen flame. A yellow flame colora- 
tion which persists for more than five seconds indicates 
more than traces of sodium. 

Procedure 42. Detection of potassium—To 5 ce. of 
the original material add sufficient NaOH solution to 
insure complete precipitation and then filter. Make 
the filtrate slightly acid with concentrated hydro- 
chloric acid and then moisten a piece of clean platinum 
wire with this solution and heat in the hottest part of 
the non-luminous Bunsen flame. A  violet-colored 
flame, visible through a good piece of cobalt glass, 
indicates the presence of a potassium salt. 
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tionally compact and efficient and may be con- 


T HE air-driven motor here described is excep- 
structed in several hours at a cost of no more 


than seventeen cents. This motor runs on a few 


pounds of air pressure, fits into a medium-sized buret 
clamp, and possesses sufficient power to operate, at 
variable speed, any of the frequently recurring light 
duty mixing jobs. In this laboratory a stirrer of this 
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type shows no signs of wear after five hundred hours of 
service. In ordinary operations a home-made glass 
propeller is attached by means of a small one-hole 
rubber stopper. 

The materials required for the construction of the 
stirrer are: two roller-skate wheels (F), one skate- 
wheel axle bolt (A) with nut (H) and lock-washer (G), 
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one small piece of galvanized sheet iron for cutting the 
propeller (D) and the jacket (J), and one short piece 
of brass tubing (J). This air-intake pipe may be cut 
from an old blowpipe. 

Skate-wheels are available in a variety of styles but 
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the one-bearing, concave-sided type will produce the 
most compact unit. The wheel selected for the top 
is drilled with several holes (C) for air relief and the 
lower wheel is drilled with one hole to accommodate the 
air-intake tube. The propeller is conveniently cut of 
either aluminium or galvanized iron from a disc of such 
a size as to give the propeller edge-clearance with the 
upper skate-wheel. The propeller to fit the type 
wheel here shown is made by scribing three circles of 
diameters 6.5 mm., 16.0 mm., and 40.0 mm., upon the 
piece of sheet metal. The area of the inner circle is 
drilled out and fits the axle. Guide lines for cutting 
the propeller blades are obtained by dividing the cir- 
cumference of the outer and the middle circle into 
eight equal parts and drawing lines to connect these 
marked points. After the blades are cut they are bent 
to resemble those of an ordinary electric fan. 

The upper unit consisting of the axle-bolt, lock- 
washer, nut, propeller, and skate-wheel is assembled 
as shown in the diagram with the lock-washer serving 
to give added clearance to the propeller in addition to 
locking the propeller to the shaft. The lower unit 
consists of the air-intake tube and the other skate- 
wheel. The intake tube is bent at a forty-five degree 
angle after it has been inserted in the skate-wheel so 
that its stream of air will be directed at the blades of 
the propeller. It is cut off as short as possible on the 
inside in order to give the propeller clearance. If this 
tube is filled with fine sand it may be bent uniformly. 
The tube is soldered in place to the inside and the out- 
side of the wheel. The outside of the tubing may be 
bent to any desired shape and cut off at any convenient 
length. 

The length of the galvanized jacket is the same as 
the circumference of the skate-wheel and its width is 
about thirty-eight millimeters; that is, a width neces- 
sary to have it extend to within two millimeters of the 
top and two millimeters of the bottom of the assembled 
unit. The jacket is curved to the shape of the circum- 
ference of a wheel and soldered at the joining ends to 
form a seam. If the seam is soldered at this point in 
the construction the top and bottom units are then 
easily inserted and made ready for soldering to the 
jacket. Before soldering the wheels to the jacket 
slight clearance is given between the nut (H) and the 
case (B) of the lower wheel. This will permit the lower 
wheel to serve as a guide and not require that its bear- 
ing be compelled to turn. Soldering all the way around 
the top and the bottom of the jacket completes the 
construction and the soldered edges may be ground to 
give a neat appearance. 

Acknowledgment is made to Mr. H. C. Young, a 
student in the College of Engineering, for the drawing. 








The HYDROLYSIS of a SALT 
DERIVED from 


a WEAK ACID 
and a WEAK BASE 
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This paper attempts to answer two questions concerning 
the hydrolysis of a salt derived from a weak acid and a 
weak base which are greatly emphasized by a treatment of 
salt hydrolysis in terms of the modern theory of acids and 
bases. The questions are: (1) To what are the values 
cited in the literature for the degree of hydrolysis of salts of 
this kind referred; and (2) should not the degree of hy- 
drolysis be stated separately for each ton? It is shown 


WO questions concerning the hydrolysis of a salt 
derived from a weak acid and a weak base, not 
explicitly answered in textbooks on physical 
chemistry, are: To what are the values in the litera- 
ture for the degree of hydrolysis of salts of this kind 
referred? Should not the degree of hydrolysis be stated 


separately for each ion (1)? These questions are very : 


much emphasized when hydrolysis is considered in 
terms of the Brgnsted concept of acids and bases (2). 
This is due to the fact that when hydrolysis is treated 
from this point of view, the reaction is considered 
separately for each ion. Thus the hydrolysis of a uni- 
univalent salt derived from a weak base and a strong 
acid is represented by an equation of the type 


BH* + H:O = H,O* + B, (I) 


and the hydrolysis of a salt from a weak acid and a 
strong base is represented by the type equation, 


H,O + A- = HA + OH- (II) 


When, then, a salt from an acid and a base both of 
which are weak is hydrolyzed, it might be expected 
that the reactions involved should be represented by 
both of these equations. Then, naturally, the ques- 
tions which have been mentioned arise. 

However, the hydrolysis of a salt derived from two 
weak protolytes involves not only reactions of the type 
represented by equations (I) and (II), but also by a 
third reaction (3), namely, that between the hydronium 


* Presented before the Divisions of Chemical Education and 
History of Chemistry at the fourteenth Midwest Regional Meet- 
ing of the A. C. S., Omaha, Nebraska, April 30, 1937. 


that the degree of hydrolysis need not be determined sepu- 
rately for each ion except for very low salt concentrations: 
that it is possible to determine the degree of hydrolysis fa 
the tons individually by methods employing measure. 
ments of hydronium-ion activities or of distribution ratios, 
The available data in the literature for the hydrolysis of 
salts derived from weak acids and bases at room tempera 
tures 1s compiled. 


and hydroxyl ions produced in the two above reactions 
according to the equation, 


H;0+* + OH~ = 2H:0 (III) 


_ This reaction, incidentally, provides the explanation 
for the fact that salts derived from protolytes, both of 
which are weak, are much more hydrolyzed than salts 
derived from acids and bases, only one of which is 
weak. That is, the reactions represented by (I) and 
(II) proceed further to the right when they occur to- 
gether, as in the case of salts derived from two weak 
protolytes, than when they occur separately, as in the 
case of salts derived from protolytes, only one of which 
is weak. This, of course, is due to the removal of the f 
hydronium and hydroxyl ions produced when reactions 
(I) and (II) occur simultaneously. 

Now, it will also be seen that the sum of equations 
(I), (II), and (III) is 


BH+ + A~ = HA +B, (IV) 


and it can be readily shown that the equilibrium con- 
stant for the reaction represented by (IV) is identical 
with the classical hydrolysis constant for a salt derived 
from a weak acid and a weak base, given by the equa 
tion, 


Ku = Fx; 


in which Ky is the classical ion product constant for 
water, and K, and K; are the classical dissociatiot 
constants of the weak acid and weak base, respectively. 
This indicates that equation (IV) corresponds to that 
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which would be written for the hydrolysis of a salt of 
this kind in accordance with the Arrhenian theory of 
acids and bases. In fact, it differs from the classical 
equation only in the exclusion of a molecule of water 
from both sides of the equation. Therefore, when hy- 
drolysis is considered from the point of view of the 
modern acid-base theory, it is to the reaction cor- 
responding to equation (IV) that the values in the litera- 
ture for the degree of hydrolysis of salts derived from 
two weak protolytes are referred. It is an interesting 
fact that the hydrolysis of a salt of this kind, in terms 
of the Brdnsted theory of acids and bases, is a reaction 
similar to thermal dissociation (4). In this respect the 
term, hydrolytic dissociation, common in the older 
literature, seems to be quite significant. 

That solutions of salts of this kind are in many cases 
not neutral, but are either acid or alkaline depending 
upon the relative strength of the acid and base from 
which the salt is derived, is a factor that may make it 
seem desirable to state the degree of hydrolysis sepa- 
rately for each ion, since the acidity or the alkalinity 
of the solution is due to the unequal hydrolysis of the 












TABLE 1 
SALTs OF AMMONIA AND OF ORGANIC BASES 
Temp. Conc. Per cent. of 

Salt "Ge range Hydrolysis pH Method Reference 
Ammonium acetate 20 0.05 -0.1 0.35 7.07 A (8) 
Ammonium acetate 20 0.5 -1.0 0.39 7.15 B (8) 
Ammonium acetate 20 1.0 6.45 7.0 CC (8) 
Ammonium borate 25 0.005-0.02 46.3 6.87 D (9) 
Ammonium diketotetra- 

hydrothiazolate 25 0.02 -0.05 4.4 5.65 D (10) 
Ammonium phenolate 25 0.25 -1.0 84.0 9.70 C (11) 
Anilinium acetate 25 0.002-0.05 56.0 4.64 A (12) 
Anilinium acetate 25 0.005-0.025 51.8 4.64 D (13) 
Anilinium acetate 25 0.02 55.8 4.64 D (14) 
Pyridinium acetate 25 0.005-0.02 31. 5.04 D (9) 
Trimethylpyridinium 

nitrophenolate 25 0.002-0.007 45.0 7.23 D (9) 
ions. However, it may easily be shown that this dif- 


ference in the extent of the hydrolysis of the ions of 
such salts is, for practical purposes, negligible, and that 
it is unnecessary, therefore, to consider the degree of 
hydrolysis of each ion separately. 

When a solution of a salt of a weak acid and a weak 
base has come to equilibrium, electrical neutrality de- 
mands that the number of cations and anions in the 
solution be equal, or 
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(BH*) + (H;O*) = (A~) + (OH~) (1) 


where the quantities in parentheses represent concentra- 
tions. If the degree of hydrolysis of the cation is rep- 
resented by x, that of the anion by y, and the original 
salt concentration by C, then at equilibrium 

(BHt) = C(1 — x) 

(A~) c(l — 9) 








When these values are substituted into equation (1), 
the equation, 


(H;0+) — (OH~) 


x=y+ G (2) 








isobtained. Equation (2) indicates that the difference 
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between cation hydrolysis and anion hydrolysis is 
negligible, except in cases where the pH of the resulting 
salt solution is very high, or very low, or where the con- 
centration of the salt is low. For those salts for which 
data at room temperatures are available (Tables1 and 2), 
the pH of the salt solutions lie between 4 and 9, and for 
such salts the hydrolyses of the ions are very nearly 
equal except in very dilute solutions. With anilinium 
acetate, for example, solutions of which give a pH of 
4.64, it may be shown by the above equation that at 
concentrations greater than 0.002 molar the hydrolysis 
of each of the ions is practically the same. For those 
salts like ammonium borate which are greatly hydro- 
lyzed, and solutions of which give a pH of approximately 
7, the difference in the degree of hydrolysis of the two 
ions is negligible down to concentrations as low as 5 X 
10-* molar. It is to be emphasized, then, that the 
factor which controls the acidity or alkalinity of solu- 
tions of salts derived from weak acids and bases may 
be considered negligible in the determination of the 
extent of hydrolysis. Since this is true, the statements 
in the literature concerning the degree of hydrolysis of 
salts of this kind will be satisfactory for most purposes. 
It should be remembered, however, that the term, 
salt-hydrolysis, is to be interpreted to mean ion-hydroly- 
sis, which, of course, is nothing more than what is 
already being done in the case of salts derived from 
acids and bases only one of which is weak. Inciden- 
tally, the fact that the hydrolysis of the ions of a salt of 
this kind is essentially equal is one of considerable im- 
portance as may be realized when it is considered that 
some of the “best” values for the ion product constant 
of water in “International Critical Tables’ (7) have 
been derived from measurements of the degree of hy- 
drolysis of salts derived from weak acids and bases 
(9, 10, 14). 


THE SEPARATE DETERMINATION OF THE DEGREE OF HY- 
DROLYSIS OF THE IONS 


While, as has been shown, it is not necessary to state 
the degree of hydrolysis for each ion separately, it is 
interesting to note that methods of determining the 
degree of hydrolysis of salts involving measurements 
of hydronium activity or of the distribution of a weak 
acid, or base, between two phases permit a determina- 
tion for each ion individually. This may be illustrated 
for hydronium-activity measurements as follows. 

If the original salt concentration is represented by 
C, the degree of hydrolysis of the anion by y, and if 
activity coefficients are assumed to be equal to unity, 
then at equilibrium 


(3) 
(4) 


(A) 
(HA) 


c(1 — ») 
Cy 


where the symbols in parentheses represent activities. 
Also, the relationship, 


_ (H:0*(A~) 


(HA) (5) 


Ka 
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in which K, is the thermodynamic dissociation constant 
of the weak acid, and the quantities in parentheses rep- 
resent activities, is valid. Substitution of (3) and (4) 
into (5), and rearrangement gives 


y_ ., (H:0") 


os ee ee 
which demonstrates that the degree of hydrolysis of 
the anion may be determined from a measurement of 
the hydronium-ion activity of the salt solution and the 
value of the dissociation constant of the weak acid. 
The equation relating the extent of cation hydrolysis 
to the hydronium-ion activity of the solution, namely, 


x Ky 
I—x  KH,0*) 
in which x is the degree of cation hydrolysis, Ky the dis- 
sociation constant of the weak base and Ky the ion- 
product constant of water, is derived in a similar man- 
ner. 

From this it will also be obvious that the degree of 
hydrolysis determined from distribution measurements 
is that of but one ion, since only the distribution of the 
weak acid, or of the weak base, between the two phases 
is measured. It should be mentioned, however, that 
the accuracy of measurements by these two methods re- 
corded in the literature is not sufficient to warrant the 
calculation of values for the degree of ion hydrolysis. 


THE HYDROLYSIS OF SALTS DERIVED FROM WEAK ACIDS 
AND WEAK BASES AT ROOM TEMPERATURES 


The data in these tables have been taken from the lit- 
erature. The values for the per cent. of hydrolysis in 
the fourth column are averages of several determina- 
tions made at concentrations within the ranges indi- 
cated in the third column. It is assumed, therefore, 
that the degree of hydrolysis of salts of this kind is in- 
dependent of the concentration of the salt. That is, 
changes in the extent of hydrolysis due to the changes 
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in the activities of the ions with concentration is disre. 


TABLE 2 
Meratyiic Acrtates at 20° (8) 


Per cent. of 
Hydrolysis 
45.0 


Conc. 
range 
01 -0.: 


Salt 
Aluminum acetate 
Aluminum acetate 
Cadmium acetate .25 -0.5 
Chromic acetate .04 -0, 
Cobalt acetate 0.1 
Cupric acetate .03 -0.25 
Ferric acetate 0.5 
Ferric acetate 0.02 
Ferrous acetate .25 -0.5 
Lead acetate .06 -0.25 
Lead acetate .05 -0.1 
Manganous acetate 0.05 
Manganous acetate . 125-0, 25 
Mercuric acetate 0.1 
Nickel acetate 0.05 -0.25 
Silver acetate 0.025-0.5 
Zine acetate 0.125-0.5 


Srwwewrr rte wd ooo > 


garded. The pH values given in the fifth column are 
either averaged experimental values or values calcu- 
lated from the per cent. of hydrolysis given in the fourth 
column by means of the equation (6), 


x 


(H;O+) = ee 


Ka, 
x 


~ ff Bo NV 
+ = w 
cpl Ret (is) 


The various methods employed in making the de- 
terminations are listed in the sixth column as follows: 
A, colorimetric pH measurements; B, measurements 
of the distribution of acetic acid between the salt solu- 
tions and ether; C, measurements of the partial pres- 
sure of ammonia from the salt solutions (distribution of 
ammonia between the salt solutions and a gas); D, 
measurements of the conductance of the salt solutions. 
Partington (6) gives a general outline of these methods, 
but for details the reader is referred to the original liter- 
ature. 
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This paper is the result of a search for some new organic 
qualitative reagents. Mercurous mercury, silver, lead, 
antimony(ous), tin(ous), calcium, barium, and strontium 
were precipitated in various forms in the presence of four- 
teen water-soluble dyes. Silver precipitated as sulfate, 
gives a characteristic test, with Brilliant Yellow used. If 
Bordeaux Red is employed antimony(ous) gives a character- 
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HIS paper presents the results of some experi- 
mental work carried on by one of the authors in 
connection with a senior honors course in the de- 

partment of chemistry. 

Experimental work, upon which this paper is based, 
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le de- SILVER 
lows: (Ag"*) 
nents Result after Ppt. with 4 N Sodium Car- Result after Ppt. with 1 N 
solu- Dye No. bonate H2SOs 
2 Green ppt. —_ 
pres- 3 _ Burnt orange ppt. 
on of 6 Yellow-green ppt. vs 
7 Pale green ppt. _— 
ey 8 Pink ppt. 
.¢ 9 Ashen-gray ppt. — 
ONS, 12 Vellow-gray ppt. Pink ppt. 
hods, Mercurous MERCURY 
liter- (Hg*) 
Result after Ppt. with 4 N Sodium Result after Ppt. with 1 N 
Dye No. Carbonate HeSOs 
1 Dark green ppt. — 
2 Yellow-brown ppt. 
3 Dark green ppt. — 
4 Dark green ppt. _ 
5 Dark green ppt. Light pink ppt. 
Taw: 6 Dark green ppt. ~— 
VI, 7 Dark green ppt. _ 
8 _ Light yellow ppt. 
)). 11 _ Pink ppt. 
14 _ Gray ppt. 
) LEAD 
be Pbt* 
“41, vat 
Result after Ppt. with 4 N Sodium Result afler Ppt. with 1 N 
Dye No. Carbonate H2SO. 
1 ‘esa mui 
3 Pink ppt. Blue-gray ppt. 
7 wen ee 
8 Cream ppt. -- 





has had for its object the search for some new organic 
qualitative reagents. From the dyes available in the 
stock room, fourteen of those soluble in water were 
chosen. They were (1) Bordeaux Red, (2) Brilliant 
Violet, (3) Brilliant Yellow, (4) Brilliant Green, (5) 
Phloxine, (6) Pyronin, (7) Phenosafranin, (8) Fluores- 











Dickinson College, Carlisle, Pennsylvania 








QUALITATIVE REAGENTS 


J. W. SMITH anv H. E. ROGERS 





istic pink solution for dilutions as low as 0.001 gm. Sb/ml. 
of solution. Stannous tin decolorizes Bordeaux Red 
completely. Antimony(ous) and stannic tin do not. 
Calcium, precipitated as hydroxide, in the presence 
of Brilliant Yellow, gives a pink precipitate. Barium and 
strontium, under the same conditions give orange-colored 
precipitates and solutions. 


cein, (9) Alizarin Red S, (10) Naphthol Yellow, (11) 
Erythrosin, (12) Ponceau 2 R, (13) Bismark Brown B, 
and (14) Hoffman Violet 3 R. The metals chosen for 
investigation were mercurous mercury, silver, lead, 
antimony(ous), tin(ous), calcium, barium, and stron- 
tium. 

Salts of the above metals were placed in solution 


(0.01 gm. metal per ml. of solution). Into successive 
test-tubes, five to seven ml. of the salt solution were in- 
troduced. From a dropping bottle, two or three drops 
of the aqueous solution of the dye were introduced. 
By means of a 10-ml. pipet, a sufficient amount of re- 
agent capable of precipitating the metallic ion was now 
added to each test-tube. Precipitating reagents were 
1 N sulfuric acid, 6 N potassium hydroxide, 5 N am- 
monium hydroxide and 4 N sodium carbonate. Upon 
the precipitation of the metal, the precipitate was ex- 
amined carefully in order to determine if it had taken 
on a new and distinct color or if the dye solution itself 
had changed color. 

The following results were obtained. A dash in the 
following tables indicates there was no change in the * 
color of the dye or the precipitate. 

The one test in this group, which is considered char- 
acteristic, is the precipitation of silver from a nitrate 
solution, containing three drops of an aqueous solution 
of Brilliant Yellow. The silver was precipitated as sul- 
fate with dilute H,SO;. The silver sulfate which settled 
out was definitely burnt orange in color. Due to the 
fact that silver sulfate is not very insoluble, this test 
cannot be applied to silver solutions of low concentra- 
tion. 

The detection of antimony in the presence of tin, 
using the usual platinum-tin couple or the tin-zinc 
couple is quite unsatisfactory. It has been our ex- 
perience here that students report antimony incorrectly 
very frequently, as a result of this confirmatory test. 
It was with this in mind that antimony(ous) and 
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tin(ous) were precipitated in the presence of the above 
dyes. 

Antimony trichloride was dissolved in a hydro- 
chloric acid solution. The dye was added as described 
above in the case of the Group I metals. The an- 
timony was then precipitated with ammonium hy- 
droxide with the following results. 


TABLE 2 


ANTIMONY(oUS) 
(Sb +++) 

Result on Addition of 5 N NHiOH 
1 Light pink ppt. and pink solution 
3 Flesh ppt. 

7 Light purple ppt. 

13 Flesh ppt. 

14 Pale blue ppt. 


Dye No. 


The same procedure was employed, stannous chloride 
substituted for antimony trichloride with the following 
results. 

TABLE 3 


Tin(ovus) 
(Sn **) 
Result after Addition of 5N NHiOH 
1 White ppt. and colorless solution 
2 Pale blue ppt. . 
6 Light blue ppt. 
10 Pink ppt. 
14 Light blue ppt. 


If Bordeaux Red (Dye 1) is employed, antimony 
may be detected in the presence of: tin. Antimony, 
alone, gave a characteristic pink solution for dilutions 
as low as 0.001 gm. Sb per ml. of solution. Tin gave a 
white precipitate under varying conditions of concen- 
tration. If the amount of tin present is not in excess 
of the amount of antimony, the pink-colored solution 
persists and thereby indicates the presence of antimony. 


JOURNAL OF CHEMICAL Epucatioy 


In connection with this test it was noted that hydr. 
chloric acid solutions of antimony(ous) and stannic 
tin had no effect on the color of the dye. On the other 
hand, stannous tin decolorized the Brilliant Red as goo 
as it was added. This suggests the possibility of usj 
Brilliant Red to distinguish between antimony(oy) 
and tin(ous) and also between stannous tin and stannic 
tin. 

In investigating the effect of the dyes on calcium, 
strontium, and barium the following results were ob. 
tained: 


TABLE 4 


BaRIuM 
(Ba**) 
Result on Addition of 4N Sodium Result on Addition of 6 N KOR 
Carbonate 
_— Very light orange ppt. 
4 Pink ppt. — 
9 Purple ppt. _ 


Dye No. 
3 


CaLcium 
(Cat*) 


Orange ppt. 


Pink ppt. 
Purple ppt. _ 


STRONTIUM 
(Sr**) 


Orange ppt. 


Orange ppt. and orange solution 
Purple ppt. _ 


In this group of metals one test appears to show 
possibilities. Calcium precipitated as the hydroxide 
in the presence of Brilliant Yellow (Dye 3) gavea 
pink precipitate. Strontium and barium, under the 
same conditions, gave an orange solution and orange 
precipitate. These tests were obtained when the con- 
centration of the metal ion was 0.01 gm. per ml. When 
the concentration was less than this the results were 
not so satisfactory. 





FREEDOM of SPEECH in 
CHEMICAL EDUCATION’ 


HANOR A. WEBB 


George Peabody College for Teachers, Nashville, Tennessee 


WISH to present an exceedingly brief discussion of 

a great right possessed by teachers of chemistry 

in this land of the free and the home of the brave— 

the right of free speech in their specialty. This ex- 
tends to authors of chemistries, there being more than 


* Presented before the Division of Chemical Education at 
the ninety-third meeting of the A. C. S., Chapel Hill, N. C., April 
13, 1937. 


one hundred distinct texts now in print, on both high 
school and college level, circulating freely throughout 
the land. 

Purely as an illustration of a contrasting point of view, 
I wish to describe the status of chemical authorship in 
Japan, as I have learned it from students who have re- 
ceived their introductory chemical training in that 
land. I am not justified in disparaging the Japanese 
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int of view as the educational leaders of that land 
interpret it in reference to chemistry. It is more 
appropriate that I analyze the American attitude 
toward chemical education, or even attempt to defend 
it, as I have had to do in certain conversations with 
oriental gentlemen of scholarly attainments and strong 
convictions. 

At the present time there are more than one hundred 
chemistry texts on the current market in the United 
States; it is doubtful whether more than ten have been 
written in Japan since chemistry entered the class- 
rooms of that nation. Anyone in the United States 
who wishes to write a chemistry textbook is entitled 
to do so; it may be accepted by any commercial 
publisher who believes that ‘‘the field’’—not neces- 
sarily the manuscript—is ripe. Indeed, the author 
may print the book himself; there is no law against it. 

In Japan, an author first presents a copy of his manu- 
script to the Department of Education of the Central 
Government; there it is carefully inspected with ref- 
erence to the educational program of the Govern- 
ment. He presents another copy to the Publication 
Section of the Police Department, where it is examined 
for its probable effect on the public peace. It must 
obtain a sort of “‘certificate of necessity” analogous to 
the permits given by the proper Commission to a new 
bus line, proposed power service, or competing tele- 
phone company. Being acceptable on all counts, in- 
cluding educational and political expediency, the 
chemistry text may be published, every volume being 
stamped with the official approval seals. 

In the United States, authors on all levels of educa- 
tional service write chemistry texts. College pro- 
fessors write for colleges; they also write for high 
schools, usually with a version of their advanced text 
simplified—in their judgment, at least—for the sec- 
ondary-school level. High-school teachers write for 
high schools; but they have not as yet had the pre- 
sumption to write for colleges, out of deference, per- 
haps, to professorial dignity. In Japan, only the 
scholars of highest rank in colleges and universities are 
invited to prepare a chemistry text on any level. These 
men, from their titles, appear to be in the loftiest 
positions, apparently in charge of the most advanced 
courses. They seem to be authors because of their 
prestige in science, and undoubtedly have the con- 
fidence of the Government. 

In the United States, the profits of an author are 
curbed by competition; in Japan, by the low price of 
the textbooks enforced by the Government for the 
benefit of the people. There is, of course, a difference 
in enrolment, there being approximately 860,000 stu- 
dents in the secondary schools of Japan, compared 
with 5,600,000 in the equivalent schools of the United 
States. Even the proportion of the 860,000 that prob- 
ably take chemistry would afford a handsome income to 
an author, under a practical monopoly of his text, if 
the royalties per volume were according to the Ameri- 
can standard. 
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In the United States, teachers of chemistry in the 
main have the privilege of their choice as to a chemistry 
text. They examine—usually with the compliments 
of the generous American publishers—as many texts 
as they wish, and take their pick. On what criteria 
they really make their selection, Heaven only knows! 
The teachers of Japan use the authorized texts alone, 
for the educational inspectors who visit the schools 
regularly and frequently have the item “textbooks” 
on their list of matters to be investigated. 

In the United States, a study of the contents of 
current chemistries reveals an exceedingly wide variety 
of topics. In Japan, there is distinct uniformity, as 
an examination of the handful of texts has shown. 
Whether it is better to scatter or to concentrate the 
topics essential to a foundation in chemistry is a topic 
for your discussion, not mine. Committees of the 
Division of Chemical Education have endeavored to 
give outlines of the fundamentals, but they have no 
Japanese power to enforce their plan. Shall we sorrow, 
or rejoice? 

The matter of “keeping up’’ chemistry textbooks 
with current progress depends in the United States on 
the conservatism or progressiveness of sundry and 
separate authors, and there is no law to rule out a text 
because of the senescence of its contents. Many 
ideas more than seventy years old refuse to resign; 
the ‘“‘horse-and-buggy” chemistry is still in favor in 
many quarters. Yet a snappy, up-to-the-plastics 
text, either new or revised, is likely to have a wide 
appeal and sale. In Japan, so my interpreters inform 
me, there is distinct pressure from the authorities to 
keep a book modern by reissue of the authorization 
every three or four years, but only for a revised edi- 
tion. ‘Prompt imitation and adaptation,’ these in- 
terpreters admit, ‘‘are characteristics of the Japanese.” 

It has been most interesting to me to examine, with 
the aid of my interpreters, various Japanese chemistry 
texts, and to note the selection and arrangement of 
topics, the assignments for those who seek only culture 
and for prospective chemists, the wholly separate 
books written for boys’ and for girls’ schools, the 
efforts to make memory convenient, and the most ap- 
propriate emphasis on Japanese industries. The pic- 
tures, clear and numerous, I could read for myself. 
The only points I raise in this comment, however, are 
the contrasts of the two educational philosophies as 
manifested in the preparation of the chemistry text- 
books. 

Do the points of superiority preponderate in un- 
restricted or in restricted authorship? In unsuper- 
vised or in meticulously examined subject matter, 
guarding the public mind? In diversified or in crys- 
tallized outlines of topics as foundation knowledge? 
In a large, unchallenged educational group, free to keep 
texts progressive, but rarely doing so, or a small, alert, 
imitative educational group enforcing up-to-dateness? 
In chemical education by the American, or the Japa- 
nese, plan? 
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KEEPING UP WITH CHEMISTRY 


Hydrochloric acid, 1918-1938. N. A. Laury. Chem. In- 
dustries, 43, 486-90 (Nov., 1938).—A review of the manu- 
facture and uses not only of hydrochloric acid but also of salt 
cake (Na2SQ,) leading up to the questions and answer, ‘“How 
shall we meet the large prospective demand for salt cake in the 
South’ at costs competing with imports? What of the high 
cost of natural salt cake to pulp producers in the case of the 
shutting off of German shipments? Obviously, with salt and 
sulfuric at hand, it would be advantageous to the southern 
pulp mills to have a process that yields salt cake and chlorine from 
these materials.” A ESS. 

The fillers—clay, talc., etc., 1918-1938. P. Maynarp. 
Chem. Industries, 43, 491-5 (Nov., 1938).—A review leading 
up to the conclusion that ‘‘the greatest progress made in the re- 
fining and application of fillers has been made in the clays, but 
the opportunities for the development of clays as fillers are even 
greater. While much progress has been made in the processing 
and use of other fillers, little has been done in comparison to 
what we already know can be done to increase the value of 
these fillers for the many new products which are being de- 
veloped.” AOTEB: 

Coal-tar dyes, 1918-1938. E. H. KuLtHEFFER. Chem. 


Industries, 43, 373-9 (Oct., 1938).—In this historical review of 
the coal-tar dye industry the author carries us through the 
years, starting with the infancy of the industry at the outbreak 
of the war in 1914 to 1938. He says about the American dye 
industry of 1938, “‘It is not large of itself but important beyond 


what its size indicates. This importance is due to its rdéle of 
supplier of essential materials to many other and larger indus- 
tries, and, more importantly, to the fact that it is the organic 
chemical nerve center of the nation.” Yee ee 

Modified plastics, 1918-1938. G. EsSELEN AND W. Scott. 
Chem. Industries, 43, 258-67 (Sept., 1938).—The impression has 
become quite general that plastics were almost unknown twenty 
years ago, and that any story of their commercial development 
would only need to cover a relatively short period. This opinion 
is substantially correct, if we consider only the so-called synthetic 
plastics which are built up almost entirely by a series of chemical 
reactions. However, it is far from being true for the types of 
plastics which form the subject of this review; namely, plastics 
derived from natural raw materials. 

Hence the authors have included material previous to 1918. 
They have considered the following plastic substances: hard 
rubber, shellac, nitro cellulose, cellulose acetate, benzyl cellu- 
lose, ethyl cellulose, cellulose aceto-prepronate, regenerated 
cellulose, casein, soy-bean protein, lignin, furfural, sulfur. The 
concluding paragraphs of the article sum up the authors’ thesis. 

‘The plastic qualities of natural raw materials were recognized 
many years before Christ, and the modern commercial produc- 
tion of plastics by chemical reaction on products grown in Na- 
ture, dates back over fifty years. In spite of present-day com- 
petition from the so-called synthetic plastics such as the phenol- 
formaldehyde and urea-formaldehyde condensates and the 
vinyl and acrylate polymers, the future is still bright for the con- 
tinued expansion of the esters and ethers of cellulose in the 
plastic field. Furthermore, the new developments from deriva- 
tives of rubber, corn soybean, and lignin indicate an ever-increas- 
ing production of plastics from natural raw materials. 

“A final picture of the present-day importance of plastics 
obtained from natural raw materials is given in a table which 
lists the large number of trade names under which these plastics 
are sold in the various countries of the world. This branch of 


industry is not static and it has the decided economic advan- 
tage of cheap raw materials which are continually being renewed 
by Nature in great abundance.”’ A. TU 

Magnesium metal and compounds. P. D. V. Mannine, 
Chem. Met. Eng., 45, 478-82 (Sept., 1938).—Although magnesium 
is one of the most widely distributed metals on earth it has not 
yet reached the state where it can be classed as a common metal 
in terms of use. Its production has been improved to such an ex- 
tent that the present price is thirty cents a pound. The Dow 
Chemical Company is the only producer in the United States, 
Their greatest production was 4,250,000 pounds in 1934. 

Since traces of impurities are apt to result in corrosion witha 
metal as reactive as magnesium, commercial production of mag- 
nesium must produce a metal of extraordinary purity. All the 
processes at present in successful operation depend on the same 
final step—an electric furnace fusion electrolysis of magnesium 
chloride. 

Several different magnesium raw materials suitable for the 
manufacture of the metal are available in the West including 
magnesite in Washington and California, sea water bitterns from 
solar evaporation in California, brucite and magnesite in Nevada, 
and sea water from the Pacific Ocean. All these sources are being 
worked in the production of various magnesium compounds, 
Flow sheets are given for making magnesium products from bit- 
terns and sea water. J. W. H. 

The interpretation of spectrographic analysis. P. H. M.-P. 
BRINTON. Chemist, 16, 281-2 (Sept., 1938).—There has been a 
great increase in recent years in the number of complete quali- 
tative analyses made on samples of ore and rock gathered by 
prospectors. It is due almost wholly to widespread use of the 
spectrograph by consulting analytical chemists and assayers. 
The great advantage in its use is due to the fact that a spectro- 
graphic investigation gives not only a full list of the elements 
present in a sample but also a rough approximation of the quan- 
tities of each element. : 

The spectrograph provides a means of detecting many elements 
which are not ordinarily thought of as being of interest or value 
to the prospector. The useful metals, precious and common, 
silicon, calcium, magnesium, and, perhaps, sodium and potas- 
sium, are apt to bound more or less the prospector’s chemical out- 
look on the mineral kingdom, and when he receives a report of a 
spectrographic analysis which shows that his piece of rock carries 
as many as twenty or twenty-five elements, he thinks that his 
sample must be unusual indeed. 

It seems, then, that there is an ethical duty which the spectro- 
graphist should perform, and that is to acquaint his inexperienced 
clients with the significance of the findings. It might be said 
that this is an old question, but the fact is that we did not report 
nearly so many elements in a ‘‘complete” analysis before the ad- 
vent of the spectrograph, and the number of times that mistaken 
ideas of the value of ores has been encountered has convinced the 
writer that those who make spectrographic analyses for pros- 
pectors should be careful not to let false hopes be aroused in the 
minds of their clients. R: KG 

Moisture control by new process. R. S. McBripg. Chem. 
Met. Eng., 45, 520-4 (Oct., 1938)—The Guardite System of 
moisture control, as used on tobacco, is applicable to other indus- 
trial commodities in which it is desired to adjust the moisture 
content quickly. 

The goods to be treated are placed in the vacuum chamber 
and the bulk of the air withdrawn by a mechanical vacuum pump. 
The pressure is carried down below that point at which water boils 
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at the temperature prevailing in the vacuum tank. As the mois- 
ture boils out of the goods it also washes out any residual or ab- 
sorbed air and other non-condensable gas. Hot water is then 
introduced by spraying through fine jets at a predetermined 
temperature. The moisture penetrates immediately and uni- 
formly to every part of the goods to be processed. If more 
moisture is needed in the goods the tank is again evacuated down 
to the boiling-point pressure and more water sprayed in. This 
cycle may be repeated until the desired result in water content is 
obtained. Goods can be removed from the vacuum condition- 
ing chamber at almost any temperature. J. W. H. 


Armstrong memorial number of The Central. ANoNn. WNa- 
ture, 142, 470 (Sept. 10, 1938).—The June, 1938, issue of The 
Central (Volume 35, number 83) is devoted to the life and work 
of the late H. E. Armstrong and contains some excellent photo- 
graphs of him. M. E. W. 

Historical studies on the phlogiston theory. I. The levity of 

ogiston. J. R. PartTINGTON AND Doucias McKie. Ann. 
Sci., 2, 364-404 (Oct., 1937).—From about 1770 the various opin- 
ions regarding the nature of phlogiston agree only in their differ- 
ence from the original views of Stahl. According to Kopp 
(Geschichte der Chemie) phlogiston in the earlier theory prac- 
tically meant negative oxygen and in the later theory was iden- 
tified with hydrogen. These varied opinions were last attempts 
of an incorrect theory to accommodate growing experimental 
knowledge. 

It is almost certain that the idea of the levity of phlogiston 
originated with the element fire. The history of this idea is 
traced by giving the opinions of many scientists together with 
numerous quotations from the original works. 

Il. The negative weight of phlogiston. J. R. PARTINGTON 
anD DoucLas McKig. Ann. Sct., 3, 1-58 (Jan., 1938).—Since 
it was supposed that the removal of the lighter parts of a body 
increased the weight of that body, and that the loss of this sub- 
stance was comparable with the departure of the soul from the 
body on death, the developments revolved largely around the 
theory that phlogiston possessed a property opposite to that of 
gravity—a negative weight. Most of this article deals with the 
work of Friedrich A. C. Gren and his influence on German chem- 
istry. His modified theories of phlogiston and combustion are 
given in detail. The views and evidences of his supporters and 
critics are also incorporated. The contributions of Hutton and 
Gadolin will form another series of papers. C.K. op. 

The history of the common salt industry on Merseyside. N. F. 
Newsury. Ann. Sci., 3, 1388-48 (Jan., 1938).—Historical facts 
are given of the early salt industry in Liverpool and the Mersey- 
side area. The developments and improvements of the alkali 
industry are also described. A list of processes and dates of 
discovery are included. C. BB. 

Eighteenth century ideas concerning aqueous vapor and 
evaporation. S. A. DymentT. Ann. Sct., 2, 465-73 (Oct., 
1937).—The evaporation of water from a free surface is an oc- 
currence sufficiently common to have been generally observed 
from the earliest times, yet much attention was paid to the general 
tendency of a ‘“‘vapour’’ to move upward in an atmosphere. 
The contributions and suggestions of a few chemists—Boyle, 
Lavoisier, and Cavendish—are included in this survey. 

K..D 


Some seventeenth century views concerning the nature of heat 
and cold. M. A. BrentrHamM. Ann. Sci., 2, 431-50 (Oct., 
1937).—From very early times men speculated concerning the 


Trail solves its sulfur problem. S. D. KirKpatrick. Chem. 
Met. Eng., 45, 483-5 (Sept., 1938).—Necessity has mothered 
Many inventions, but none of more interest and importance to 
chemical engineers than some of the significant developments 
that have been made at Trail, B. C. since 1930. Mining some 
two thousand tons of sulfur per day as sulfides of zinc, lead, and 
iron, in past years the Trail Smelter had a difficult fume-disposal 
Problem. First sulfuric acid was produced and then a fertilizer 
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Urinary cholesterol in cancer. E. BLocH AND H. SosorKa. 
J. Biol. Chem., 124, 567-72 (July, 1938).—Urines from cancer 
patients contain about ten times as much cholesterol as from 
normal controls. Cachectic patients with other diseases, such 
as tuberculosis and heart disease, show normal cholesterol values, 
whereas a high cholesterol content is known to occur in kidney 
disease and perhaps during pregnancy. 

Two possible causes for the appearance of cholesterol in urine 
are discussed. The authors are inclined to attribute the high 
cholesterol level in cancer urines to the continuous destruction of 
tumor tissue. E. D. W. 
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nature of heat and cold. Opinions were divided as to whether 
heat was a substance or an effect of motion. It w s during the 
seventeenth century that much experimental work was done 
which paved the way for the caloric theory of a century later. 
The writings of a few representative men are considered—one 
the Sieur de Rampalle, for the pre-experimental period, and 
three, Pierre Petit, Edmé Mariotte, and Robert Boyle, for the 
period beginning about 1660. c. Kk. By. 
The chemical society of Glasgow: minute book of 1800-1801. 
F. J. Witson. Ann. Sci., 2, 451 (Oct., 1937).—The contents of 
a recently discovered minute book of this society, together with a 
covering letter from the late Sir William Ramsay, are published 
for the first time. GB. D. 
On “nitre” and “natron.” F.W.Grpss. Ann. Sct., 3, 213-7 
(Apr., 1938).—Considerable misunderstanding has arisen in the 
history of chemistry through the changes in meaning which the 
words “‘nitron,’” ‘‘natron,’”’ ‘‘nitrum,’”’ and ‘‘nitre’’ have under- 
gone. The changes and the manner in which the modern usage 
of the terms came about are fully explained. Thus the Greek 
“nitron,’’ the Latin ‘“‘nitrum,’’ and the Arabic ‘‘natron’’ all refer 
to native sodium carbonate. The old English word “‘nitre’”’ had 
at first the same meaning. From the fourteenth century the 
nitrates of sodium and potassium were known indiscriminately 
as “‘sal nitri’’ and ‘‘sal petrae.’’ Later, after Alpinus had in- 


troduced ‘‘natron’” to replace ‘‘nitrum,” ‘‘sal nitri’’ and ‘‘sal 
petrae’’ were changed to ‘“‘nitre’” and “‘saltpetre.” C.K. D. 
John Jacob Abel, 1857-1938. W. M. Crarx. J. Biol. 


Chem., 124, preceding p. 573 (Aug., 1938).—Abel first laid before 
Christian Herter the need of an American journal devoted to 
biochemistry. He became the first managing editor of this 
journal. With the aid of A. N. Richards he carried the editorial 
work through five volumes. Then he withdrew from the active 
management to conduct the editorial work of the Journal of 
Pharmacology and Experimental Therapeutics for twenty-three 
years. He took an active part in the founding of the Journal 
of Experimental Medicine, and served as associate editor from 
1896 to 1905. He circulated a proposal to form an American 
Society of Biological Chemists, and helped organize this society. 
He became the Society’s second president in 1908. From 1909-— 
1912 he was president of the American Society for Pharmacology 
and Experimental Therapeutics. 

Abel was born near Cleveland, of German stock. He received 
the degree of Ph.B. from Michigan. After receiving his degree 
at the University of Strasbourg, he returned to Michigan to 
occupy the chair of materia medica and therapeutics. In 1893 
he became professor of pharmacology at Johns Hopkins Univer- 
sity. The chemistry of the endocrine glands was his favorite 
subject. He retired as professor emeritus in 1932. He was an 


honorary fellow or member of six American and fourteen foreign 
scientific societies. E. D. W. 









industry was built to use the acid. Now the final link has been 
forged, in an elemental sulfur recovery plant employing a process 
uniquely applicable to Trail and without parallel elsewhere in 
the world. The essence of the process consists in the absorption 
of SO, in ammonium sulfide solution from which it is eliminated 
as one hundred per cent. SO. by treatment with concentrated 
sulfuric acid. The pure SO, is then reduced by incandescent coke 
to elemental sulfur which is readily refined to yield the 99.99 per 
cent. brimstone of commerce. J. Wot. 









RECENT BOOKS 


Die CHEMIE DER METALL-ORGANISCHEN VERBINDUNGEN. Erich 
Krause, Late Professor of Chemistry, Technische Hochschule, 
Berlin, and A. V. Grosse, Visiting Professor of Chemistry, 
University of Chicago and Associate Director of Research, 
Universal Oil Products Company, Chicago. Gebruder Born- 
traeger, Berlin, 1937. xvi + 926 pp. 38 figs. 155 tables. 
16 X 24.5cm. Price, RM. 55.2; bound, RM. 58.5. 

When Bunsen prepared cacodyl in 1841, a new field of chemis- 
try came into existence. Beginning in 1850, Frankland, a stu- 
dent of Bunsen, spent the greater part of his long scientific career 
in the development of the field of metallo-organic compounds. 
Many other investigators, among whom may be mentioned 
Buckton, Cahours, Ladenburg, Michaelis, Polis, Grignard, and 
Ehrlich, are well known as pioneers in research relating to the 
organic chemistry of some of the more common metals. During 
the past twenty years the chemistry of metallo-organic substances 
has progressed very rapidly. These substances have played an 
important part in our understanding of the valence of atoms and 
of the structure of molecules. In addition, they have been re- 
sponsible for many significant technical advances, 

In the latter period one of the most ardent workers in this field 
was Erich Krause. Beginning in 1917 with studies pertaining to 
organic compounds of lead, he continued his.work with other ele- 
ments as well as with lead until his death in 1932. Prior to his 
death, at the early age of thirty-seven, he had started the arduous 
task of compiling data relating to the chemical and physical 
properties of metallo-organic compounds, with the view of con- 
tributing a comprehensive treatise on the subject. This task, 
being terminated, was completed by the junior author of the 
present volume. That there is definite need for such a treatise 
is readily realized when one considers that more than twelve thou- 
sand organic compounds of metals are known. 

Research in a field as extensive as this one has undoubtedly 
been hampered in the past by the lack of a comprehensive refer- 
ence source. Thus, the authors have fulfilled a much-needed task 
in presenting for the first time a volume of this type. It includes 
a description of the methods of preparation and of the chemical 
and physical properties of the organic compounds of the following 
elements: lithium, sodium, potassium, rubidium, cesium, mag- 
nesium, zinc, beryllium, calcium, barium, strontium, cadmium, 
mercury, boron, aluminum, gallium, indium, thallium, silicon, 
germanium, tin, lead, nitrogen, phosphorus, arsenic, antimony, 
bismuth, sulfur, selenium, tellurium, high-valence halogens, 
columbium, tantalum, chromium, iron, platinum, copper, silver, 
and gold. 

Fortunately, the treatise is not merely a dictionary of com- 
pounds and their common properties. On the contrary, in each 
section the chemistry of the compounds in relation to the position 
of the elements in the periodic table is adequately described, 
several methods of preparation for different types of compounds 
are also presented, and numerous equations to illustrate the im- 
portant chemical properties are included. One of the most val- 
uable features of the book is found in the inclusion of one hundred 
fifty-five tables which summarize data on the physical properties 
of the compounds. 

A general discussion of the properties of compounds of all 
elements in a given group of the periodic table is first considered; 
then those of each element are taken up separately in sufficient de- 
tail to give one a clear picture of the status of the chemistry in- 
volved. Following each section complete literature references 
are given for each element in chronological order extending to 
January 1, 1936. Due to the fact that monographs on the chem- 
istry of organic compounds of magnesium, arsenic, mercury and 
antimony had been previously published, the authors wisely de- 
cided to avoid repetition of material and to include only those data 
which have appeared in the literature since publication of the 


respective monographs. However, it should be stated tha 
the general characteristic properties of the compounds of thes 
four elements are discussed briefly. 

One chapter describes briefly the experimental technics seq 
for the preparation and subsequent handling of metallo-organj 
compounds in the absence of air. About fifteen figures are given 
to illustrate these technics in greater detail. Methods for the 
analysis of these compounds are also included. The investigator 
contemplating researches in the field will find this section of con. 
siderable interest and value. 

The reader will find much to engage his attention in the chap. 
ter on the ‘General Properties, Theories and Systematics of 
Metallo-organic Compounds.” Under the heading of general 
properties, the chemical properties, valences, densities and equiva. 
lent volumes, boiling points, and melting points of the com 
pounds are considered in relation to the periodic table. Several 
interesting relationships are found here. The question of the 
ability of the compounds to exist as well as their resulting stabil. 
ity is discussed on the basis of the chemical nature of the metallic 
elements and of theories of atomic structure. Suggestions are 
given as to why certain metals do not form organic compounds, 
while others do so with ease. Other suggestions concern the 
effect of a given type of organic group upon the stability of the 
resulting compound. Without question, this chapter represents 
a significant contribution by the authors which is deserving of 
careful consideration and study. 

Chemists as a whole will welcome this extensive and compre 
hensive treatise on metallo-organic compounds. The authors 
have fulfilled a definite need, the accomplishment of which has 
required much labor and thought. Workers in the field, research 
laboratories, and libraries will find this volume indispensable. 

W. C. JoHNson 


Tue UNIVERSITY OF CHICAGO 
Curcaco, ILLINOIS 


THE QUADRI-SERVICE MANUAL OF ORGANIC CHEMISTRY. Ei- 
ward F, Degering, Associate Professor of Chemistry at Purdue 
University and Associate Editors. Houghton Mifflin Co, 
Boston, Massachusetts, 1938. vii + 222 pp. 56 figs. 215 
X 28.5 cm. $2.25. 

The meaning of the unusual title of this manual is explained 
in the preface. ‘This represents a unique adventure in the 
production of a laboratory manual of organic chemistry. It is 
distinctly different from the usual manual in that it offers the 
student (1) a set of experiments in which an approach has beet 
made toward the use of semi-micro procedures, (2) a duplicate 
note-book system, (3) self-measuring objective tests, and (4) 
a theoretical approach to laboratory organic chemistry.” In 
view of this novelty of presentation each of these services i 
worthy of explanation in this review. 

The approach toward semi-micro procedure sconsists partly o 
using two-inch test-tubes for the test-tube experiments and partly 
in a reduction of the amounts of chemicals in the preparations 
Good judgment has been used in this reduction, and it is not done 
to an extent that would deprive the student of the opportunity 
to handle the usual laboratory apparatus. 

Services two and three can best be explained together by cot 
sidering an example. Page 36, the left-hand page, is a descrip 
tion of the preparation of acetylene and directions for tests to be 
carried out with the material prepared. Data and observations 
are recorded on the opposite blank page (37) and a carbon pape 
used to duplicate them on page 39. Page 38 contains questiots 
about acetylene which are to be answered on that page. There 
fore the instructor receives one sheet (pp. 37-38) with the & 
perimental data and the self-measuring objective test, while the 
student retains the directions and a copy of the data. 
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The nature of the questions in the tests is shown by samples, 
chosen at random. The following group is to be answered as 
true or false. “Aromatic sulfonic acids find little use in organic 
chemistry.” ‘‘Sulfanilic acid is a derivative of methyl orange.” 
“Organic acids contain a carboxyl group.” ‘“‘Industry criti- 
cizes the college graduate because he cannot write a good in- 
telligible report.” ‘“‘Valeric and pentanoic acids are homologs.” 
“A collegiate laboratory notebook is merely a means to an end.” 
The proper answer is to be indicated in the following. ‘‘Allyl 
sulfide is a constituent of (1) garlands, (2) gardenias, (3) garlic, 
(4) onions, (5) no source indicated.” ‘Bird-shot sodium is 
used (1) in air rifles, (2) shot-gun shells, (3) Wurtz-Fittig con- 
densations, (4) Williamson condensation, (5) Grignard syn- 
thesis.’ ‘‘Amines and amides resemble each other in proper- 
ties because (1) both contain carbon, (2) both contain the —NH: 
group, (3) both contain a carbonyl group, (4) both are soluble in 
water, (5) both contain nitrogen.” “Specialization (1) is ab- 
solutely essential, (2) is not to be encouraged, (3) has its inherent 
dangers, (4) is not worth the time and money, (5) always yields 
satisfactory results.’’ Other questions consist of formulas of 
products or reagents which are to be matched with the proper 
reactions. Since these are designed primarily to let the stu- 
dent know about his progress, his answers are corrected but not 
graded. Laboratory quizzes may be given on the subject mat- 
ter of these questions. It also seems likely that in courses where 
the teaching staff is not large enough to give comprehensive oral 
quizzes the instructor may prefer to grade the tests. 

The fourth service—the theoretical approach to laboratory 
organic chemistry—apparently does not refer to the theory of 
laboratory operations, since there are no discussions of some 
common operations, such as fractional distillation, extraction 
and steam distillation. (These operations are carried out by the 
student, however.) The “theoretical approach’ apparently 
refers to the chemistry of the series of compounds considered. 
For example, the experiment on aldehydes and ketones is pre- 
ceded by a discussion of these compounds. ‘The aldehydes and 
ketones may be considered as oxo derivatives of the correspond- 
ing hydrocarbons in which two hydrogen atoms bound electroni- 
cally to the same carbon atom have been replaced by an oxygen 
atom.” The natural occurrence of aldehydes and ketones, their 
nomenclature, methods of preparation, reactions, and important 
applications occupy the remainder of the page. 

The experiments cover the conventional subjects, and their 
scope is comparable to that of many other standard laboratory 
manuals. One novelty is a division devoted to emulsification, 
soaps, and lotions. Another is a very brief treatment of quali- 
tative organic analysis. The experimental procedures are us- 
ually followed by several references to related preparations in 
other laboratory manuals and an estimate of their cost. These 
cover a wide range of experiments and might be made even more 
useful by reference to ‘‘Organic Syntheses.’’ A feature worthy 
of consideration by other authors is a discussion of the prepara- 
tion of laboratory records and reports and an attempt to con- 
vince the student that, ‘“These findings, if they are to justify the 
endeavor, must be accurately recorded, organized, correlated, 
and interpreted.’’ The type of report encouraged in this man- 
ual seeks to give the chemist needed experience of this kind 
during his academic training. ‘‘Thus the student finds him- 
self in the capacity of an inexperienced research worker, and 
learns to do by doing at a time that his mistakes will not be, in 
all probability, very costly with respect to his training or pro- 
fessional standing.” There is also a section on ‘Why Chemists 
Get Fired.” 

Even without the statement that the material in the manual 
has been in use eight years, it is obvious that much time and 
effort have gone into its preparation. The errors are probably 
fewer than in most first editions. References to butynes and 
pentynes as butylenes and amylenes, the ‘“‘muroxide”’ test, the 
direction to ‘‘dissolve 27 g. of NagCr.O; in 5 ml. of water” and the 
statement that in the preparation of ethyl bromide by the bromi- 
nation of ethane all the possible isomers are produced, are errors 
that have probably been already noticed. There are a few places 
where it seems that more information might be given. Unquali- 
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fied statements that aldehydes reduce Fehling’s solution, that 
primary halides are less reactive than tertiary, that alcohols are 
formed by the reaction of primary amines with nitrous acid, and 
an equation showing an aldehyde and alcohol as products of 
ester hydrogenation, are points which, if not amplified, might 
give a student incorrect ideas. The name ‘‘mercaptan”’ is 
commonly enough used to justify its mention under the thioal- 
cohols and the discussion of the coupling reaction of diazonium 
salts might include the statement that an alkaline solution is 
necessary for phenols. The page devoted to catalytic hydro- 
genation has space enough to give more types of important hy- 
drogenations and to mention that heat and pressure may be 
necessary. Although repeated reference is made to the danger 
from peroxides in ether, no warning is given in the experiments 
on ethyl isocyanide and phenylhydrazine. Working on the 
small scale described in this book the Skraup synthesis is doubt- 
less safe without a moderating agent but it might be well to 
warn that these directions should not be adapted to a larger scale. 

Such statements as ‘‘distil off,” ‘‘distil over,’’ ‘‘filter the crys- 
tallized product,’ “crystallize out,’ “connect up,” ‘working 
the precipitate up,”’ ‘‘filter off,’’ ‘‘the charge is drowned in water”’ 
and ‘250 ml. three-neck round-bottom flask’? cannot be mis- 
interpreted but do not represent the good style to which the 
student is encouraged in the first part of the manual. The book 
is written in an enthusiastic style which may be intended to make 
the material more impressive to the students: ‘‘Formaldehyde, 
the black sheep of its family,’’ ‘‘carbohydrates, actually or po- 
tentially, poly-hydroxy derivatives of the hydrocarbons,” “an 
original, permanent, complete and indubitable account,’’ “‘op- 
portunity for the student to enhance his knowledge relative to.” 
Research records are ‘‘a fountain head for new ideas,” ‘‘a store- 
house of factual findings’ and ‘‘the gem of the laboratory rou- 
tine.” 

The apparatus for almost every experiment is shown by good 
line drawings. While in a closely supervised course an instructor 
might prefer to have apparatus assemblies depend more on the 
initiative of the student, this will be an excellent feature for large 
classes where supervision cannot be as close as the instructor 
would desire. It also appears that the experiments require a 
minimum of apparatus. While all the usual types of apparatus 
are employed, the same equipment assembled in different ways 
serves a variety of purposes; this feature should also be appre- 
ciated. 

The book has a bristol cover with the popular ring binding; 
therefore the book will lie flat on the desk. The pages are also 
perforated so that it appears that the manual might be inserted in 
a loose-leaf notebook. 

It is pertinent to state that in addition to the author there are 
eighty-eight associate editors from almost as many institutions. 
Of these associate editors, three are industrial chemists, a few are 
from large universities, and a large majority are from small 
colleges, widely distributed geographically. The influence of 
this last group of associate editors is probably at least partially 
responsible for the fact that the manual does seem well suited, by 
a proper selection of material, for the needs of organic courses in 
the smaller institutions. From the number of collaborators it is 
obvious that this book will meet the requirements of a large group 
and will find wide adoptions. 

RaLpH CONNOR 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 


INTRODUCTION TO PHYSIOLOGICAL CHEMISTRY. Meyer Bodansky, 
Ph.D., M.D., Director of Laboratories, John Sealy Hospital, 
Galveston, and Professor of Pathological Chemistry, Univer- 
sity of Texas. Fourth Edition. John Wiley and Sons, Inc., 
New York City, 1938. viii + 686 pp. 40 figs. 15 X 23 cm. 
$4.00. 


The author has aimed to present in a moderately sized book 
the animal phase of biochemistry in a sufficiently detailed manner 
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for medical and beginning students in biochemistry. The pre- 
vious editions of this book always have stood among the best 
texts of biochemistry, and the present enlarged and revised edi- 
tion remains one of the best of its type. The more important 
changes from previous editions are the treatments of enzymes 
and oxidation-reduction in more detail and in separate chapters. 
The author has presented a very broad and difficult subject in a 
logical, clear, and sufficiently fundamental manner from the 
modern point of view to deserve the thanks of the beginning and 
more advanced students of medicine and biology. The presenta- 
tion of the numerous specific and rapidly changing problems of 
mammalian biochemistry as related to medicine is a tremendous 
undertaking, but it is well done in this text. The author has a 
happy faculty of presenting sufficient of the controversial ma- 
terial to satisfy the critical specialist and yet to organize the 
biochemical knowledge in a clear-cut style to enable the student 
to learn the more fundamental facts. 


F. C. Kocu 


Tue UNIVERSITY OF CHICAGO 
Curcaco, ILLINOIS 


LABORATORY MANUAL OF PHYSIOLOGICAL CHEMISTRY. Meyer 
Bodansky, Director of Laboratories, John Sealy Hospital, Gal- 
veston, and Professor of Pathological Chemistry, University 
of Texas, and Marion Fay, Professor of Physiological Chem- 
istry, Woman’s Medical College of Pennsylvania. Fourth 
Edition. John Wiley and Sons, Inc., New York City, 1938. 
v + 295 pp. 9 figs. 15 X 23cm. $2.00. 


This text covers the usual material presented in manuals of 
biochemistry for medical students. There*is nothing unusually 
original in the book; in fact, much of the material is presented in 
experiments taken wholly or in part from other texts. Some of 
the instructions are not given in sufficient detail or with proper 
precision. The principles involved in the quantitative methods 
are not given and the shortcomings of the various methods are 
not discussed. The newer and more reliable methods for blood 
glucose and calcium are not given and the student is not given 
sufficient warning as to which is the better or the best method 
when a number of methods are described. 

F. C. Kocu 


Tue UNIVERSITY OF CHICAGO 
Cxrcaco, ILLINOIS 


A LABORATORY MANUAL OF QUALITATIVE ANALYsis. John H. 
Yoe, Ph.D., Professor of Chemistry, University of Virginia. 
John Wiley & Sons, Inc., New York City, 1938. ix + 219 pp. 
7 figs. 14.5 X 28cm. $2.50. 


The book is, as the author states in his preface, strictly a 
laboratory manual intended to accompany his CHEMICAL PRINCI- 
PLES. However, as there are no page references to the latter, 
theory may be presented through other texts. The analysis of 
cations in the presence of phosphates as well as the treatment 
of insoluble silicates are included. Also a rather large number of 
anions are considered in their analysis. The book thus lends it- 
self to easy adaptation for short or long courses in qualitative 
analysis. From the modern point of view it would be much better 
if all the equations for ionic reactions appeared in ionic form. 

The procedures for the analysis of the cations are of the usual 
type, up-to-date in most cases and supplemented by excellent 
notes. A good feature of the book is the list of questions and exer- 
cises following each group procedure. Not only does this require 
the student to know the methods of analysis, but also an under- 
standing of the reactions involved. Before presenting the pro- 
cedures for the analysis of the cations some preliminary experi- 
ments are given to illustrate the grouping of the metals. How- 
ever, there are no experiments to show the characteristic proper- 
ties and reactions of the cations and their compounds which are 
utilized in the methods of analysis. This is a serious objection, 
as the student must turn to a book for this knowledge instead of 
learning it in the laboratory. Some of the reactions used in the 
schemes of analysis are open to objection as being somewhat ob- 
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solete or of doubtful value, for example, the separation of the 
copper and arsenic division by means of a mixture of ammoniun 
sulfide and disulfide, the separation of antimony from tin by pre. 
cipitating antimony sulfide with hydrogen sulfide in a hot acid 
solution, the confirmation of zinc sulfide precipitate by ignitio, 
with cobalt nitrate. Even though the reference is given there jg 
doubt as to the existence of AsCl, and As*® as mentioned on Page 
45. The precipitation of some magnesium with the alkalin 
earth group is not mentioned, nor are large amounts of ammp. 
nium salts removed before the precipitation of this group. In th 
test for ammonium ion it is generally considered unsafe for sty. 
dents to heat the mixture, especially in a test-tube. 

Before taking up the analysis of the anions preliminary exper. 
ments showing the characteristic reactions of each and their 
grouping are carried out by the student. A large number of 
acids are considered, more than are usually studied in an elemep. 
tary course. Again, an excellent list of questions and exercises 
follow each group analysis. While the procedures are ample for 
the analysis of a simple substance and certain combinations are 
provided for, it is problematical if a mixture of several anions 
could be successfully analyzed. 

With the coming of age of organic reagents in inorganic 
analysis it is gratifying to see a part of the book devoted to this 
subject. While the author only suggests organic reagents as sup. 
plementary tests for the cations, the reactions are given and fully 
discussed. 

The part on the analysis by dry methods, though brief, is use. 
ful whether or not one is interested in field work. The appendix 
has useful tables and information though it is strange to se 
percentage ionization of strong electrolytes less than 100. 

The book is printed well and is quite free of typographical 
errors 

LrEo LEHRMAN 


Tue City COLLEGE oF New YorK 
New York City 


INORGANIC CHEMISTRY FOR PHARMACY STUDENTS. Book I. 
Non-metals. Filemon Tanchoco, A.B., Ph.C., LL.B., Profes- 
sor of Chemistry, Manila College of Pharmacy. Magsimpan 
Press, Manila, P.I., 1988. 318 pp. 14 XK 20cm. $2.00. 
The book seems to be intended for use as a text following an 

elementary course in chemistry. Page references are given toa 

PHYSICAL CHEMISTRY, apparently that written by the author and 

reviewed in THIS JOURNAL, 14, 349 (1937), although it is not 9 

stated. The subjects considered include Hydrogen and Oxygen, 

Water, Ozone and Hydrogen Peroxide, The Halogens, Halogen 

Acids, Sulfur, Oxides and Oxyacids of Sulfur, Nitrogen and the 

Atmosphere, Ammonia and Similar Compounds, Oxides and 

Oxyacids of Nitrogen, Phosphorus and Its Compounds, Arsenic, 

Antimony and Bismuth, Oxides and Oxyacids of Arsenic, Anti- 

mony and Bismuth, Boron and Its Compounds, Carbon and Its 

Compounds, and Silicon and Its Compounds. 

Purely descriptive, the book gives synonyms (Latin, English, 
and Spanish), properties, preparations, and uses of the elements 
and compounds, together with their history and occurrence, it 
some cases. The advantage of the text-to students of pharmacy 
lies in the medicinal uses given for some of the compounds. As 
an inorganic text it is unusual in that very little theory and no 
problems are included; in fact, it does not contain a table of 
atomic weights. There are no figures or sketches. 

“The author does not pretend that his work is up to date i 
presentation; on the contrary, there are reasons to believe it 
antiquated on this score.” Spelling is bad in many instances; 
sentence structure and word usage are not always acceptable. 
Printing and binding are very poor. Some corrections and aé- 
ditions have apparently been made by hand with India ink, de 
tracting from the appearance of the book. A number of it 
accuracies are present. 

E. G. VANDEN BOSCHE 


UNIVERSITY OF MARYLAND 
BALTIMORE, MARYLAND 
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TO THE HIGH-SCHOOL TEACHER. As this 
editorial is written the Baltimore meeting is still in 
prospect. On general principles it is usually unwise 
to write news stories in advance. However, our pres- 
ent information is such that we cannot forbear to com- 
ment prematurely on what seems certain to be one of 
the most significant features of that meeting. Advice 
from ‘‘reliable sources’ indicates that the Milwaukee 
discussion of the high-school teacher and his needs has 
borne fruit. Unless something goes sadly astray, the 
Division now has a concrete and practical program 
which should go a long way toward convincing high- 
school teachers that the Division and its JOURNAL can 
and will be more attractive and useful to them in the 
future. We hope very shortly to be able to present a 
detailed and official announcement. 

In the meantime we presume once more to offer 
the high-school teacher some advice he never asked 
for. Be it understood at the outset that we are 
addressing the ‘“‘good” high-school teacher—the one 
who knows his subject and his job, and who does his 
job well. It is our theory that the other kind (if 
any such there be) doesn’t read the JOURNAL. 

Don’t be too modest. Don’t speak of yourself— 
don’t think of yourself—as “only” a_ high-school 
teacher. You’re a damn sight better man than you 
give yourself credit for being. You’re doing a tough 
job well, without much of the stimulation and exhilara- 
tion that come from high pay, favorable publicity, and 





public acclaim. You’re one fellow who really acts 
as though he believed that a good job well done is its 
own reward. The college teacher probably knows more 
about his specialty than you do—he ought to—but the 
chances are very good that you know a lot of general 
chemistry that he has forgotten or never knew, and 
the chances are even better that you’re a better 
teacher of what you know, than he is of what he knows. 

Don’t be too ready to assume that the college 
man is an intellectual snob who regards himself as 
superior to you. You can find such specimens, but 
they’re not representative and they don’t count. 
Don’t assume that the college man who tries to be 
friendly is merely patronizing. He probably knows 
that you suspect him of being a snob, and it makes 
him self-conscious so that he does it badly. 

Don’t regard yourself as a stepchild of the Division. 
It’s your Division as much as it is anybody’s. If you 
don’t like the way the present official incumbents run 
it, take it over and run it yourself. There are enough 
of you. And you can get together. Look at what your 
Chicago colleagues have done in the education part of 
their local A. C. S. section. 

If you feel you have only a small part in the affairs 
of the Division, why not run your own program for a 
day or a half-day at Division meetings? It’s your 
right to demand that, and you can get it. 

The Division is about to display its wares to you. 
If you don’t see what you want, ask for it. 
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Dr. JOHAN RUDOLF KATZ’ 
1880-1938 


E. HEUSER anp B. W. ROWLAND 


The Institute of Paper Chemistry, Appleton, Wisconsin 


HE passing of Dr. Katz removed from the field 

of colloid chemistry a pioneer in the investigation 

of the structure of complex colloidal materials, and 
the mechanism of their behavior, particularly with 
reference to the phenomena of swelling. Not only did 
his numerous publications present matter of funda- 
mental importance on these subjects, but they likewise 
enriched the technology of industries relating to starch, 
rubber, and cellulose. One hundred thirty-six publica- 
tions in various journals, as well as three books' have 
been left us by Dr. Katz. Among these are to be found 
his splendid contributions dealing with the X-ray struc- 
ture of alkali cellulose, stretched rubber, starch, thin 
liquid films, and the X-ray evidence of the swelling 
mechanism. In his early years Dr. Katz was engaged 
in the study of bread and bread-baking, an interest 
which did not leave him and to which he returned from 
time to time throughout his active life. His interest in 
such a problem typified his wide range of interest, in- 
cluding the technical as well as the fundamental. Dr. 
Katz's experimental technics were not confined to those 
of the X-ray, and evidence of his resourcefulness may 
be found in the fact that he turned freely to other 
methods of investigation in bringing the full possibili- 
ties of modern research technics to bear on his prob- 
lems. Perhaps his most valuable contribution was in 
the field of the swelling of complex colloids, and the 
forces and structural changes involved in this phenome- 
non. 

Dr. Katz began his experimental studies on swelling 
in the year 1910, using starch and other substances; 
later on he chose chiefly cellulose as the most suitable 
subject for his investigation, and during certain phases 
of his work, enjoyed the coéperation of such well-known 
scientists in the cellulose field as Hermann Mark, Kurt 
Hess, R. O. Herzog, and others: When in 1917 X-ray 
analysis produced its first essential results on the cel- 
lulose fiber, Dr. Katz soon recognized its great useful- 
ness as a tool for aiding in the elucidation of the prob- 
lems with which he was occupied. In fact, he regarded 
X-ray analysis as one of the few experimental methods 
which allows us ‘‘to penetrate into the intimate mecha- 
nism of swelling.’’ 


* See Frontispiece. 

1“The Laws of Swelling,” ‘‘The Staling of Bread,’’ and ‘‘The 
X-ray Spectrography as an Investigation Method”; also two 
contributions, namely, to K. Hess’s book on cellulose, entitled 
“Micellartheorie und Quellung der Cellulose’ and to Abderhal- 
den’s Handbuch der biologischen Arbeitsmethoden, under the 
title ““Roentgenspektrographische Untersuchungsmethoden.”’ 
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The evaluation of the results of his numerous studies 
on the swelling of cellulose in water appeared very 
satisfactorily to confirm von Naegeli’s early conception 
of the phenomenon. Further studies were devoted to 
the action of electrolytes, such as aqueous solutions of 
metal hydroxides and concentrated salt solutions upon 
cellulose. Again, with an intensive use of X-ray analy- 
sis, Dr. Katz developed the conceptions of inter- and 
intramicellar swelling, and defined the border range be- 
low and above which swelling proceeds in different ways. 

It was about this time when one of the writers (E. 
Heuser) met Dr. Katz for the first time. After the 
meeting of the Naturforscher-Versammlung in Inns- 
bruck, September, 1924, where the then much contrast- 
ing views on the molecular weight and the structure of 
cellulose had been aired, the discussion was continued 
in a small circle afterward and it developed through 
Dr. Katz’s appropriate and brilliant remarks into some 
very enjoyable and fruitful hours. With one of these 
remarks, a modification of which he later used in his con- 
tribution to Abderhalden’s work, he referred to the diffi- 
culties involved in structural problems, and _ said, 
“Structure analysis is essentially a habit of thought, the 
habit of thinking three-dimensionally.”’f 

Extended studies on the thermodynamics of swelling, 
also including a variety of substances other than cellu- 
lose, served to complete the broad investigation. In 
1932 Dr. Katz presented his theory under the title ‘“The 
Laws of Swelling” to the Faraday Society in London. 

Dr. Katz was born in Amsterdam on April 30, 1880, 
the oldest son of Dr. Samuel Katz, a well-known lawyer, 
and Marie Katz. He was educated in the public and 
high schools of Amsterdam and in the University of 
Amsterdam. During his early educational period he 
prepared himself for a career in medicine, and his later 
interest in colloid chemistry as it relates to the funda- 
mentals of physiology is evidence of his capacity to per- 
ceive the fundamentals, as did the late Sir William 
Hardy in his fruitful decision to study colloid chemistry 
as the key to problems in physiology. It is recorded 
that Dr. Katz was a brilliant student, and under the 
inspiration of his eminent teacher, B. Rooseboom, he 
received in 1917 his Doctor’s degree in chemistry on a 
thesis devoted to a study of the laws of swelling, and 
in the same year the medical degree was conferred upon 
him for his studies on the staling of bread. 

In 1920, Dr. Katz made his first trip to the United 





t See also AstBurRY, Nature, 136, 1007 (1935). 
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States, and at that time he had more than a passing 
interest in the subject of neurology, an interest which 
had developed during his sojourn in Paris in the as- 
sociation with Professor Déjerine, in Bern with Pro- 
fessor Dubois, and in Zurich with Dr. Jung. For a time 
his studies in medicine led him to undertake his own 
practice in Amsterdam, specializing in psychoanalysis. 
It was partly this interest in neurology that led him 
to come to the United States to deliver some lectures 
on the subject, and partly his family ties associated with 
his marriage to Fanny Bowditch of Boston, in 1917. 
Miss Bowditch was the daughter of the late Henry 
Pickering Bowditch, Professor of Physiology at Harvard 
University, and for some years Dean of the Medical 
Faculty. Dr. Katz was active during his American 
visit in lecturing and publishing, in an effort to unite 
the three existing theories of Freud, Jung, and Adler. 
Upon returning to Europe from the United States, 
Dr. Katz found that the scientific interests, which 
had been his first and deepest, led him back into the 
field of research, and in 1923 he entered the Kaiser 
Wilhelm Institut fiir Faser-Chemie in Berlin, and be- 
came associated with the late Professor R. O. Herzog 
and Professor Otto Gerngross. It was during this period 
that Dr. Katz made his discovery of the crystalline 
structure of alkali cellulose by the then new X-ray 
method. Following these discoveries, he spent two 
years in Upsala and Copenhagen in the laboratories of 
Professor Siegbahn and Professor Niels Bohr, and while 
in Copenhagen he made a second important discovery 
in observing the crystalline structure of stretched rub- 


ber. 
After 1926, Dr. Katz continued his own research work 
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in the University of Amsterdam, and at the same time 
gave a course of lectures during the winter terms. This 
period, from 1926 to 1933, was perhaps the most en. 
joyable and productive of his life. At this time he 
was much in demand among the leading chemical con. 
cerns of Europe, being eagerly sought out for advice 
and special lectures for numerous research staffs. This 
period in Amsterdam was terminated by his acceptance 
of an invitation by the Soviet Government to give 
special lectures in Moscow and Leningrad. At the con- 
clusion of his experience in Russia, he came to the 
United States again, to accept a lecturing appointment 
at Cornell University, and at the same time to make a 
lecture tour through the Middle West as a guest speaker 
of the American Chemical Society. 

In 1935 Dr. Katz continued his lecturing and re- 
search work at the Massachusetts Institute of Tech- 
nology at which time it became apparent that his health 
was beginning to fail. He sought to recover his strength 
through a quiet summer of 1936 at the Biological 
Laboratory of the Carnegie Institute at Cold Spring 
Harbor, but in the fall of the year he became seriously 
ill with a heart disease. The recovery required almost 
a year, but seemed sufficiently complete to warrant the 
resumption of his active life and permitted him to give 
a paper at the Rochester meeting of the American 
Chemical Society, which, however, was his last. Shortly 
afterward, the illness returned with greater intensity, 
and he failed rapidly, until his death in Boston on the 
nineteenth of April, 1938. The death of Dr. Katz is 
deeply felt not only as the loss of a friendly colleague, 
but also as the passing of a brilliant and successful 
adventurer at the frontier of colloid science. 





CHEMISTRY a BULWARK 
for “RUGGED INDIVIDUALISM” 


AUBREY D. McFADYEN 


Patent Office Society, Washington, D. C. 


N THESE days one hears many dire prophecies of 
| an early extinction of “rugged individualism.”’ 
Even the 
scientist and such specialists as the research inventor, 
one reads, are doomed to succumb to huge corporation 
laboratories. 

Chemists, however, are singularly unperturbed by 


Chemists are no exception in this plaint. 


these charges—and not without good reasons. The 
chemist realizes, regardless of what may be taking place 
in other arts, that the corporation laboratory cannot 
supplant the independent chemist, because of peculiar 
factors involved in his field. 

The primary basis for this complacency on the part of 
chemists is the fact that in no other commercially im- 
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rtant branch of science or engineering can the in- 
dividual proceed with so little capital. In the mechani- 
cal arts, as a general rule, one must be endowed with a 
fortune in order to gain commercial rank. Thus, in 
developing his high-speed printing press, Henry A. Wise 
Wood, leading inventor in this line, recently consumed 
over a hundred thousand dollars’ worth of paper to 
test a press he had built at a cost exceeding half a 
million dollars. Frequently the paper web broke and, 
becoming wrapped around the press rolls, did extensive 
damage before the press could be stopped. 

The electrical refrigerator may be taken as typical of 
a popular and moderately priced apparatus. To con- 
struct various units of an electrical refrigerator for ex- 
perimental purposes requires a heavy outlay in cash, 
while to produce the same apparatus commercially 
one must first equip an elaborate plant. One manu- 
facturer of refrigerators is reported to have expended 
close to a million dollars in research and development 
prior to offering his product on the market. Even to 
make a fair test of the various makes of refrigerators 
requires an outlay of thousands of dollars for specimen 
units. 

The chemist, on the other hand, may develop a new 
refrigerant for an electrical refrigerator, as Thomas 
Midgley, Jr., did recently, within the confines of a small 
private laboratory, the primary outlay in money as 
regards materials covering only the cost of chemicals. 
In fact, it took Midgley only three days to develop the 
much-heralded organic fluoride refrigerant, for which 
he was awarded the Perkin medal. In a similar way, 
and at a relatively negligible cost, chemists have de- 
veloped instantly drying printing inks, thereby remov- 
ing one obstacle Wood met in attaining higher press 
speeds. 

The apparatus and materials for carrying out chemi- 
cal experiments normally cost only a fraction of what 
it costs to build, not to mention repeatedly modifying 
and rebuilding, mechanical apparatus. Many im- 
portant inventions of chemistry have been made with 
only test-tubes for apparatus. Whether his invention 
be a new antiseptic or a new composition flooring, the 
inventor of chemicals most likely can readily market 
his product, especially when protected against com- 
petition by patent. 

By contrast, the inventor of a new locomotive or im- 
provement thereon, or of a new car coupler, for example, 
can reduce his idea to practice only at normally pro- 
hibitive expense, and finally he must accept the terms 
of the railroad or corporations furnishing railway equip- 
ment, or else his proposal must languish. Improvers of 
the automobile likewise have only one market—a take 
it or leave it attitude of automobile manufacturers. The 
same indifferent response is true in general of the tele- 
phone, shoe, business machinery, and, in fact, of all the 
heavy industries. In the mechanical field the independ- 
ent inventor and manufacturer, unless he be of extreme 
wealth, is relegated to the manufacture of small gadgets. 

Not only is it possible with a modest chemical labora- 
tory to perfect chemical discoveries, but one can with 
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proportional ease enter commercial production. A leaf 
from the career of Carleton Ellis, founder of the Ellis- 
Foster Company and the Ellis Laboratories, may illus- 
trate the point. 

Upon graduating from the Massachusetts Institute 
of Technology, Carleton Ellis determined to start some 
sort of business in which he could be his own boss and 
do the work he dearly loves, that is, delve into the won- 
ders of chemical phenomena. Many obstacles lay in 
his path. He had no money; and what sort of business 
can be launched from scratch? 

Chancing upon a workman burning off paint with a 
blow-torch, Ellis was prompted to concoct a chemical 
paint remover—substantially that used throughout the 
world today—as the product to be marketed. From 
his meager cash reserve he applied for patent, acting 
as his own attorney, and was awarded the basic patent 
covering the popular paint remover. With a couple of 
metal barrels under a woodshed, constituting his plant, 
and a borrowed five hundred dollars for capital Ellis 
began manufacture of the paint remover, while two of 
his schoolmates peddled the product from place to 
place, educating the public to its use. Such was the 
prelude to the founding of the Ellis-Foster Company. 

The constantly expanding domain of plastics owes 
its origin to Dr. L. H. Baekeland’s discovery of Bake- 
lite resinoid. Baekeland, it will be recalled, first 
achieved fame with his development of Velox photo- 
graphic paper, which revolutionized the art of photo- 
printing. The sale of the Velox process to the East- 
man Kodak Company relieved Baekeland of all financiai 
worries and permitted him to devote full time and en- 
ergy to problems of research. He equipped a modest 
laboratory at Yonkers, New York, and, after investi- 
gating several widely varied lines of research and de- 
velopment, applied himself diligently to the field of 
synthetic resins which had baffled many noted scientists 
since 1872. His goal was to produce a varnish far su- 
perior to all existing varnishes through the union of 
phenol and formaldehyde, thereby creating a new ma- 
terial which would be used as a substitute for natural 
gums and resins such as shellac, copal, amber, and 
colophony. It was many years later that this original 
objective was realized and Dr. Baekeland established 
the Bakelite Corporation to exploit his newly dis- 
covered products. 

The Dow Chemical Company has a similar history. 
While preparing his graduating thesis during his last 
year at Case School, Cleveland, the late Herbert Henry 
Dow collected for analysis a sample of natural gas at 
a well which had been recently drilled in the vicinity. 
The driller called his attention to the fact that the 
brine from the well was unusual in that it had an ex- 
ceptionally biting taste. An analysis of the brine 
sample showed that it contained unusual amounts of 
lithium and bromine. This led Dow to develop a proc- 
ess of extracting bromine from brine without evaporat- 
ing the brine. 

In those days Midland County, Michigan, was a 
combined sawmill and salt district. The lumbermen 
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had discovered that salt brine existed in the earth under 
their mills, and the salt industry sprang up as a manner 
of using the waste lumber from the saw mills as fuel for 
pumping this brine and evaporating it. Realizing Mid- 
land was the opportune place, and that the time was 
right for practice of his invention, young Dow arrived 
in Midland, Michigan, in 1890. His first plant operated 
twenty-four hours a day with a crew of three men, but 
the enterprise failed because his limited capital pro- 
hibited operation on sufficient scale to compete with 
the established process. ‘‘We then went at it on a 
iarger scale,” Mr. Dow once explained. ‘Incorporated 
for ten thousand dollars, we built a much better plant 
and started manufacturing under more favorable con- 
ditions.”” Thus was born the Dow Chemical Company. 
The giant Ethyl-Dow plant near Wilmington, North 
Carolina, that now extracts sixty thousand pounds of 
bromine daily from sea water, is a fitting monument to 
the vision of Herbert Henry Dow. 

The story of Monsanto reads much like the novels 
of Horatio Alger, Jr. It began with a couple of syn- 
thetic coal-tar chemicals, saccharine and vanillin, in 
the early days of the American coal-tar industry and 
then worked backward, so to speak, into the whole 
range of chemical industry. 

John Queeny, father of Edgar Monsanto Queeny, who 
is now at the helm, was a drug salesman for the old 
Meyer Drug Company in St. Louis back in 1901. He 
got the idea of making some of the new synthetic drugs 
and pharmaceuticals which the Germans were just 
beginning to market successfully at large profits. So he 
took a trip abroad to investigate. There he happened 
to employ, as a courier, a young Swiss named Gaston 
DuBois, who was a chemist. John Queeny had little 
to offer in salary or sure prospects, but DuBois wanted 
to see the World’s Fair at St. Louis. So it was agreed 
that Queeny would pay his way to America and they 
would work out an arrangement as best they could. 

Young DuBois was put to work immediately on his 
arrival and the story is that Queeny kept him so busy 
that he never did see the Fair. DuBois, now vice- 
president of Monsanto, claims that he saw part of it 
on one Fourth of July afternoon. 

The laboratories of Arthur D. Little, Inc., of Cam- 
bridge, Mass., are likewise largely a monument to the 
labors and genius of the man whose name the corpora- 
tion bears. Set up in 1886, like an outpost of pioneers 
in a forbidden land, the laboratory has gained interna- 
tional recognition for its organization and corps of 
chemists and engineers, now representing thirty-eight 
universities and technical schools, the Massachusetts 
Institute of Technology leading with fifteen members. 

“But,’’ the reader probably muses, ‘“‘those feats of 
individual chemists were accomplished thirty to fifty 
years ago. Today conditions are different.” 

The facts are, however, that from the founding of 
the du Pont dynasty on down to the most recently 
established chemical laboratories, nearly all have been 
launched on a relatively small scale and almost uni- 
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formly developed through the vision and determination 
of but a single man. 

As this article was being written a young man called 
upon the author for advice concerning an ointment his 
mother ‘‘down home in North Carolina” had concocted 
and from the manufacture of which in her home she 
was beginning to list a substantial business. The wom. 
an’s business is typical of many chemical industries 
that have sprung up all over the country. The Vick 
Chemical Company, of Greensboro, North Carolina, 
began in a similar way when a druggist began bottling 
and marketing his own formula for treating head colds, 
At every turn one sees recent examples where chemists 
have gone into manufacturing of paints, floor waxes, 
calking compounds, soaps, and similar commodities, 

As a random specific example of a single chemist in 
recent years building up an important industry, atten- 
tion is invited to the history of the Masonite Corpora- 
tion, the largest corporation in the State of Mississippi. 
William H. Mason, a chemist by choice and a conserva- 
tionist by instinct, witnessing the great waste of wood 
about southern saw-mills, dedicated himself to finding 
a means to convert this waste material into something 
of value. The Masonite insulation board, and Masonite 
Presdwood board was his answer. Eleven years ago 
Mason organized the Masonite Company and began 
production. Today the Laurel, Mississippi, plant hasa 
monthly payroll of $123,310 and the product, through 
thirteen thousand dealers, is marketed the world over. 

While the examples given indicate that chemical ex- 
periments and developments can be conducted less ex- 
pensively than can experiments on ordinary mechanical 
devices, still it must not be concluded that chemical 
research in all cases involves small overhead. If the 
searcher happens to hit the nail on the head at the out- 
set, materially lessening his search, as did Ellis with the 
paint remover, or as did Baekeland with the Velox 
photographic paper, obviously the expense is reduced. 
On the other hand, research may cost millions of dollars 
—in fact, one of the major oil companies is reported to 
have expended over three million dollars in the de- 
velopment of their present line of products. 

Much of the cost of research is expended in the time 
spent in laying the plans for the investigation—in 
orienting, so to speak. After a special subject is selected 
for study, on an average six months is consumed in 
laying the foundations for the work, surveying known 
information, and picking out clues to be investigated. 
Naturally, many of these clues lead into sterile paths, or 
in circles. The searcher must be prepared financially 
to withstand long periods of fruitless investigation. 
Corporations delegating similar assignments cannot be 
guaranteed success, but must risk the same hazards. 

The natural advantages favoring chemistry as a field 
for independent research and commercialization is forti- 
fied by the protection afforded by the United States 
patent system. The patent system exemplifies the 
American ideal by placing a premium upon individual 
effort and encouraging the unconventional. “It is 4 
rock of individualism in a sea of. collectivism,” as Dr. 
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Vannevar Bush once stated. “It is directly opposed 
to that dead level of mediocrity which is unfortunately 
inherent in trying to fit every man’s life into a scheme 
or organization which will determine for him his func- 
tion and his deserts.”’ 

The patent system is especially helpful to the chemist 
because he works in a field which the past teaches can 
be developed only by endless experiments. ‘The great- 
est invention of all, in the history of the race,” says Dr. 
Vannevar Bush, ‘“‘is the invention of the experimental 
method.” And in regard to no other branch of science 
is this statement more applicable than to chemistry. 
The United States Supreme Court recently remarked, 
in considering a patent for a novel catalytic process, 
that in the chemical art, more than in any other, is 
one least able to predict results and what changes will 
take place. 

Through systematic experiments scientists have 
demonstrated that progress can be pushed as an or- 
ganized, directed activity, with reasonable expectation 
of success. Under this program of procedure, in the re- 
search laboratories chemists pave the way along which 
industry is to follow. Patents, giving the exclusive 
monopoly for seventeen years to the inventor of any new 
and useful process or compound, comprise the keystone 
of the independence of the chemist, and justify his mak- 
ing the necessary outlay for his experiments without 
fear that another might appropriate the fruits of his 
investment. 
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Under the aegis of the patent laws, Carleton Ellis has 
independently developed and received United States 
patents covering over seven hundred chemical inven- 
tions, pertaining to contributions of inestimable value 
to the world. Among these may be noted hundreds 
of discoveries improving paints, varnishes, and lac- 
quers; the “tube and tank process” of refining pe- 
troleum practiced by the major oil corporations today; 
not to mention the separation of acetone, isopropyl 
alcohol, and many other important chemicals from 
petroleum. In the field of synthetic resins Ellis has 
conducted approximately half a million experiments 
with miraculous success—the so-called ‘‘urea plastics’ 
being one fruit of his work. 

A visit to any of the many independent laboratories 
throughout the land will present a convincing refuta- 
tion against those fearing the extinction of the independ- 
ent chemist. Quite the contrary, such visit would in- 
dicate that there is a marked tendency of industry, ex- 
cept for the larger concerns which deal wholly in chemi- 
cals, to turn the chemical problems over to the inde- 
pendent laboratory for solution. In the Ellis Labora- 
tory, for instance, the writer found a portion of the 
staff working toward improved Diesel motor fuels for 
one of the major oil companies. Another portion of the 
staff was concerned with certain foodstuffs requested 
by medical experts; while still another was engaged 
in a special assignment pertaining to plastics. 

















TANTALUM as a MATERIAL 
for STANDARDS of MASS 


WILLIAM M. THORNTON, Jr. 








N 1911, the International Committee on Weights 
| and Measures (1) entertained the suggestion that a 
series of standard weights fashioned from tantalum, 
of 100 g. each, should be established for use in chemical 
research. It was estimated at the time that the cost 
would not be more than one-third that of otherwise 
similar iridio-platinum pieces. Evidently the plan was 
actually put into effect, for in 1920 the following brief 
report (2) made its appearance: 


“Un essai fait avec du tantale a donné des résultats trés 
satisfaisants a tous égards, mais il ne nous a pas été possible 


Loyola College, Baltimore, Maryland 


d’obtenir des piéces de ce métal dont la masse ftit supérieure a 
100%. De plus, son prix, comparé a celui du platine, ne constituait 
pas un avantage tellement considérable, que l’on fit encouragé 
Aa surmonter de grosses difficultés techniques pour en assurer 
l’utilisation.”’ 


Analytical sets, in which the fractional pieces above 
20 mg. are stamped from sheet tantalum, have been 
used successfully in the United States for a number of 
years. In this connection, Mellon and Swank (3) state 
that gold weights (presumably 22-carat) show excessive 
wear as compared to tantalum. In like manner, the 
smaller weights in a box, whose occupants had been 
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tested at the Bureau of Standards and reported upon 
(April 27, 1932), were calibrated by the present writer 
(April 13-16, 1938), and the five tantalum members of 
the set, ranging from 500 mg. to 50 mg., inclusive, were 
found to have remained substantially unchanged; not- 
withstanding the fact that they had been used from time 
to time in analytical work. 

In 1928, the Bureau of Standards (59) placed some 
50-g. tantalum weights under observation. The metal 
composing these examples was of low density (16.1 g. 
per cm.*), yet the weights themselves showed a satis- 
factory degree of stability; in fact, they appeared to 
gain a few hundredths of a milligram only during a 
period of some fifteen months. 

Tantalum (No. 73) is truly a rare element, being, in 
all probability, less abundant in the lithosphere than 
gold (4). Nevertheless, thanks to the phenomenal 
progress that has been made with 
its metallurgy during the past few 
years, highly purified elemental 
tantalum can now be procured in 
abundance and at a price that is 
not excessive (4). Fortunately, 
also, the scientific literature is 
already replete with descriptive 
matter covering such topics as 
the discovery of tantalum (05), 
the occurrence of the element in 
nature, the physical and chemical 
properties of the metal and its 
compounds, industrial applica- 
tions, and the chemical examina- 
tion of the columbotantalates (6) 

minerals that had baffled the 
analyst for more than a century. 
Among these papers are to be found writings of the 
well-known pioneers, Von Bolton (7-9) and Balke (10- 
15), and likewise contributions containing useful in- 
formation from various other authorities (16-42). With 
the foregoing considerations in mind, it would seem 
that one is in a fair way to predict the suitability of 
metallic tantalum as a material from which to manu- 
facture reliable standards of mass. 

In a previous communication (43), an attempt was 
made to lay down the requirements that should be 
met by dependable reference weights, and it may not 
be inappropriate to give these criteria again. They 
(the weights) should be: (1) sufficiently resistant to 
abrasion, (2) nonmagnetic, (3) not readily acted upon 
chemically by atmospheric agents—whether normal 
or abnormal, (4) non-porous, (5) not appreciably hy- 
groscopic, (6) not easily electrified, (7) of a density 
(except in the case of fractional pieces) as near to 8.4 
g. per cm.* as may be, in order that the conventional 
“weight in air against brass’ may be utilized with the 
greatest possible satisfaction, and (8) characterized by 
design and workmanship that are, practically speaking, 
beyond criticism. Though a somewhat formidable list 
of conditions, it is believed that tantalum standards 
will not be found wanting save in two possible respects, 
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and that even these obstacles are of no serious moment, 
More specifically, the density of tantalum (7, 44) jg 
about twice that of any ordinary brass or bronze, being 
16.6 g. per cm.’ at 20°C.; furthermore, difficulty hag 
thus far been experienced in producing non-porous 
specimens of the metal exceeding a certain size. This 
rather high density, and consequent small volume, need 
cause no error in the values deduced for other weights, 
when these latter are compared with tantalum stand. 
ards, provided the density of the air be determined with 
sufficient exactness at the time of making the weighings, 
The porosity of tantalum will be dealt with in greater 
detail (see below). 

In addition, tantalum possesses certain other char- 
acteristics that should render it well suited to the pres- 
ent purpose: owing to its low specific heat (45), weights 


TABLE 1 
COMPARISON OF TANTALUM WeIGuTSs WitH STANDARD (B. S, 69011) 


True mass 
9,999,31 g. 
9.999,31 g. 
9.999,32 g. 


Apparent mass vs. brass 
10,000,01 g. 
10.000,01 g. 
10,000,02 g. 

Date of calibration: July 26, 1937. 
Conditions of experiment: 27.3°C., 752.4 mm. (at 29.5°C.), and 72 per 
cent, relative humidity; whence density of air = 0.00115 g. per ml. 


Designation 


(10 g.) 
(10 g.)’ 
(10 g.)” 


of this metal may be expected to attain quiekly the 
temperature of the balance case, though this phenome- 
non may be offset to some extent by the fact that tan- 
talum is not a very good conductor (45-47); moreover, 
because of its unusually small thermal expansion (48- 
49), the change in volume of a given weight is well- 
nigh negligible for the ordinary fluctuations of room 
temperature. There are yet other considerations. 

As the outcome of correspondence, which was begun 
in the autumn of 1936, Dr. Clarence W. Balke, of the 
Fansteel Metallurgical Corporation, generously donated 


TABLE 2 
COMPARISON OF TANTALUM WEIGHTS witH STANDARD (B. S. 69011) 


True mass 
9.999,30 g. 
9.999,30 g. 
9.999,31 g. 


Apparent mass vs. brass 
10.000,00 g. 
10.000,00 g. 
10.000,01 g. 

Date of calibration: September 9, 1938. 
Conditions of experiment: 23.8°C., 764.7 mm. (at 23°C.), and 45 per 
cent. relative humidity; whence density of air = 0.00119 g. per ml. 


Designation 


(10 g.) 
(10 g.)’ 
(10 g.)” 


a sizable rod of selected tantalum. The density of this 
specimen was taken, and 16.63 g. per cm.* at 20°C. was 
obtained. Accordingly, the ‘“‘blank’’ was sent to Mr. 
C. A. Becker (Christian Becker, Inc.), who, during 
the summer of 1937, gave his time and attention to the 
construction of three 10-g. weights of solid tantalum. 
These weights were finished most handsomely and ad- 
justed with extraordinary nicety. They are in the form 
of a cylinder with rounded edges and bear a groove not 
far below the top surface (see illustration). In other 
words, they resemble somewhat, though in miniature, 
the Imperial Standard Pound of Great Britain (50). 
To evaluate these tantalum pieces, they were first 
compared by substitutional weighing with a ‘‘double- 
plated” standard (43) which had been certified by the 
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Bureau of Standards under Class M on March 8, 1933, 
and then with one another; that is, six comparisons 
were made in all. The work was performed with a fine, 
magnetically damped, analytic balance, whose senst- 
bility reciprocal (51) at the load, though subject to slight 
variation with changing conditions, did not depart 
greatly from 0.175 mg. per scale division on the index 
plate throughout the entire series of determinations. 
The atmospheric temperature, pressure, and humidity 
were observed, whereupon the density of the air was cal- 
culated with the aid of Felgentraeger’s table (52), in 
order to apply the buoyancy corrections (cf. 53-55). 
From the data thus established the most probable 
values for the weights under test were computed by 
the method of least squares (52, 56). The results of 
the first calibration (July 26, 1937) are given in Table 1; 
and, similarly, those of the second (September 9, 1938) 
in Table 2. 

Meanwhile, by way of removing, as far as possible, 
all uncertainty as to the correct values of the tantalum 
weights, they were submitted to the National Bureau 
of Standards for test. That organization saw fit to 
certify the whole group under Class M (high-precision 
laboratory standards) on September 7, 1938 (see Table 
3). 

It is both interesting and gratifying to notice that, 
after the rounding off, all three of the weights are equal, 


TABLE 3 


CERTIFIED VALUES OF TANTALUM WerIGcuts (Class M) 


Apparent mass Volume 

Designation vs. brass True mass at 20°C. 
(10 g.) 10.000,01 g. 9.999,31 g. 0.6028 cm.?* 
(10 g.)’ 10.000,01 g. 9.999,31 g. 0.6024 cm.? 
(10 g.)” 10.000,01 g. 9.999,31 g. 0.6033 cm. 


Date of certificate: September 7, 1938. 

National Bureau of Standards Test No. 80971. 

Conditions of experiment: 26°C., 751 mm., and 65 per cent. relative 
humidity. 


and that the ‘“‘weight in air’’ exceeds the nominal value 
by only 0.01 mg. Besides, the results obtained by the 
author do not differ from those of the Bureau of Stand- 
ards by more than 0.01 mg. (plus or minus) in any case; 
and, as is more important, two successive values for 
any one weight—approximately thirteen and one-half 
months intervening—depart from each other by the 
same amount (namely, 0.01 mg.). In all likelihood, 
these differences are to be attributed to observational 
errors and not to any actual changes in the weights 
themselves, seeing that the balance used was not quite 
sensitive enough to take account of the 0.01 mg. with 
certainty. Speaking more broadly, partly on the basis 


(1) Procés-Verbaux des Séances, Comité International des Poids 
et Mesures, |2], 6, 46 (1911). 

(2) Ibid., [2], 8, 19 (1920). 

(3) MELLON, M. G. AND H. W. Swank, Ind. Eng. Chem., News 
Ed., 15, 542 (1937). 

(4) TyLer, P. M., U. S. Bur. Mines, Minerals Yearbook, 1937, 
775; 1938, 6 (preprint). 
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of the experiences just recorded and partly from a 
general knowledge of tantalum, it seems reasonable 
to suppose that 10-g. weights of this metal, if handled 
with ordinary care, will remain constant for a pro- 
tracted period of time. 
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weights of bronze, whether gilded or platinized, have 
been observed to undergo slight changes with time and 
circumstance. Consequently, it is hereby proposed 
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large a denomination, be preserved within the quarters 
of any particular scientific organization for occasional 
use in verifying other standards. 
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A HIGH-SCHOOL PROJECT in CHEMI- 
CAL RESEARCH. Zhe PREPARATION 
of SKIN EMOLLIENTS, LOTIONS, 
and CLEANSERS 


NELSON J. ANDERSON 


Montana State College, Bozeman, Montana 


HE word “research’”’ suggests a varied array of 
ideas, and indeed it is defined in an English dic- 
tionary of recent publication as a ‘“‘diligent in- 
vestigation to ascertain something.’”’ In accordance 
with this definition, some of the best work of high- 
school pupils deserves to be classified as research. 
The research described in this report was directed by 


the author and carried out by five pupils selected from 
the one hundred ten juniors and seniors enrolled in 
chemistry at Waukegan Township High School, Wauke- 
gan, Illinois, during the school year 1935-1936. These 
pupils, four boys and one girl, had had at least one 
semester of high-school chemistry and were all seniors 
but one, a junior. In order to select those best quali- 
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fied, their scholarship records were examined and con- 
sidered together with their interests, aptitudes for physi- 
cal science, and capacities for application to work. 
The latter three factors were evaluated by a few 
teachers who were well acquainted with the pupils 
under consideration. None was given advance notice 
that they were under consideration, but each was ap- 
proached individually after the faculty had made the 
selections. 

The five research pupils were quite willing to conduct 
their investigations outside regular class time and in 
addition to their normal schedules. However, each one 
was allowed to substitute his investigation for about 
one-half of his regular chemical laboratory work for a 
semester. Each one devoted considerably more time 
to his investigation than was saved by the reduction in 
his regular laboratory requirements. The laboratory 
was open to these research pupils at all times during the 
school day, and they frequently carried on research 
when they otherwise would have been in “‘study hall.” 
In addition, they worked in the laboratory on a few 
Saturdays when school was not in session. 

The pupils differed in their abilities to maintain in- 
terest and to apply themselves to the particular re- 
search task at hand. All of them required careful 
direction whereby (1) wasteful efforts and mistakes 
were reduced to a minimum, and (2) encouragement 
helped to keep up effective interest. From time to 
time the pupils made suggestions that were commend- 
able and likewise expressed ideas that were quite im- 
practicable or absurd. Instruction was individual, 
since frequent personal conferences were indispensable. 
The pupils enjoyed their research work and regarded it 
a privilege to participate in chemical investigation under 
the circumstances made available to them. 

At the end of the school year, each research pupil’s 
scholarship record was examined, and it was determined 
that each one had maintained his scholarship standards 
of the previous year. This was not surprising because 
the pupils selected were those who had given evidence 
that they desired to succeed in all of the required and 
elective subjects in their chosen courses. 

The general topics chosen for preliminary study were 
cosmetics and cleansers. To begin the study of these 
subjects, the research pupils were directed to use the 
high-school library, the city library, and any other 
available sources of literature. From the materials 
that they read, the pupils learned some generalizations 
and likewise acquired certain specific and detailed in- 
formation. For example, they learned that hand: lo- 
tions may be classified into two general groups: (1) 
variations in mixtures of glycerine, rose water, and 
tragacanth, (2) milky mixtures of glycerine, soap, 
alcohol, water, and a mucilage such as tragacanth. 

The pupils learned that a typical commercial lotion 
is mainly an emulsion of alcohol, partly saponified 
glycerine, beeswax, borax, and oil of bitter almonds. 
Lotions containing phenol might be dangerous, but 
such lotions are on the market. Furthermore, depila- 
tories and bleaching creams are objectionable and some- 
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times dangerous. The ingredients most commonly 
used in commercial face powders include talc, zinc 
oxide, zinc stearate, precipitated chalk, kaolin, titanium 
dioxide, rice starch, perfume, and coloring matter. 
Rice starch and other starches may be objectionable. 
At least two types of face powders, one for normal skin 
and one for oily skin, have been sold. The formula for 
normal skin contains more tale and slightly more zinc 
stearate than the one for oily skin. The pupils read 
of certain cleansers and stain removers, and they ex- 
amined the “‘stain formularies’’ of the Central Scientific 
Company. They learned the important principle 
that the commercial success of a product often depends 
more upon extensive advertising than upon the intrinsic 
value of the product. 

The pupils found formulas for the preparation of 
lotions, and one pupil, testing a formula in a preliminary 
experiment, made a sample comparable to typical com- 
mercial products. The dehydrating property of glyc- 
erine was cited as an objection to its use in lotions. 
Pursuant to a suggestion found in the literature, a pupil 
proposed that a neutral mixture might be more hygienic 
for the skin than an alkaline one. Another found the 
statement that lotions slightly acid with citric acid were 
desirable and hygienic. 

All five research pupils worked individually on ex- 
perimental projects that were never alike. There was 
very little concerted effort among them, but the director 
so coérdinated the work that ultimately each pupil had 
effectively completed a project, and, taken together, 
the several projects constituted a unified program of 
investigation. Individual projects were assigned to 
fit the individual pupil’s interests, abilities, and train- 
ing, so that, with the completion of the program of in- 
vestigation, the pupils completed a training course best 
suited to their individual needs. Experimental work 
was limited to the preparation and testing of a few 
lotions, skin emollients, and cleansers. Each pupil 
employed reports of the compositions of commercial 
lotions, face creams, emollients, and cleansers, and from 
these he estimated proportions of components to be used 
in trial mixtures. The results of an experiment often 
suggested necessary alterations. 

An ingredient of all materials prepared by the pupils 
was the synthetic oil, 6-hydroxydiethyl ether 6'-laurate, 
HOC:H,OC:H,OOCH2;Cn, having the abbreviated 
name, diglycol laurate. This substance is self-emulsifi- 
able in water; completely soluble in alcohols, mineral 
oils, vegetable oils, and hydrocarbon solvents; and it 
rapidly penetrates surfaces of many materials. These 
are the required properties of any substance suitable 
for use in the preparation of the various emulsions 
which were important for the research done by the five 
pupils. On account of its unusual emulsifiability, 
diglycol laurate is useful for lecture demonstrations of 
the preparation of emulsions. 

From the beginning of the experimental work, every- 
one concerned observed that the consistency of a mix- 
ture containing diglycol laurate depended upon the 
amount of this substance present. When two mil. 
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of diglycol laurate and 0.5 ml. of water are shaken to- 
gether in a test-tube, a cloudy fluid results. If an 
additional 1.5 ml. of water is added to the mixture and 
the contents are stirred or vigorously shaken, the re- 
sulting material has the appearance of lard at about 
20°C. and will not flow from the inverted test-tube. If 
three more miltiliters of water is added and thoroughly 
shaken with the emulsion in the test-tube, there is no 
noticeable change in the appearance or consistency 
except a change from a pearly whiteness to a snow- 
white. After the sixth milliliter of water has been 
mixed with the emulsion, fluidity reappears and grad- 
ually increases until a soupy liquid results by the time 8 
ml. has been added. The emulsion containing 2 ml. of 
diglycol laurate and 10 ml. of water resembles milk, and 
in fact there appears a thin layer of “‘cream’’ consisting 
of particles of diglycol laurate large enough to rise to 
the surface. All of these emulsions are permanent (they 
do not separate into layers) within the temperature 
range 10° to 40°C. 

A permanent emulsion, which we called lotace IV, 
that may be used as a lotion is readily prepared by 
shaking together 2 g. of diglycol laurate, 8 or 9 ml. of 
water, and 2 drops of oil of bergamot. The components 
of this emulsion are not poisonous. Diglycol laurate 
can be used as a medium in which to fry foods, and oil 
of bergamot is used as a flavor in candies. It servesasa 
mild perfume in lotace IV. But lotace IV is not always 
a satisfactory lotion because diglycol laurate is a deter- 
gent and it sometimes ‘‘brings out the lines” in a skin 
that would have a better appearance if the ‘‘lines’”’ were 
hidden. However, lotace IV is satisfactory to reduce 
oiliness of the skin, and it does not have the dehydrating 
effect that glycerine sometimes has. 

One of the pupils who, at the beginning of his ex- 
perience in research, had had very little experience with 
library work, was assigned the task of learning from 
the literature what ingredients were hygienic or de- 
sirable for emollients. This pupil acquired the needed 
library training and his efforts to solve the problem at 
hand were successful. As one accomplishment, he 
learned that lanolin is often an ingredient of the best 
commercial emollients, lotions, and face creams, and 
also that lanolin is useful for chapped skin or skin that 
needs to be softened by addition of oil. He, and an- 
other working independently, prepared a number of 
permanent emulsions from mixtures of lanolin, digylcol 
laurate, and water. For example, to prepare a lotion, 
named lotace II, 5 g. of hydrous lanolin, v.s.P., and 5 g. 
of diglycol laurate are mixed in a beaker and gently 
warmed with a Bunsen flame until a nearly homogene- 
ous clear liquid results. Then 22 g. of water is slowly 
added with vigorous stirring and, finally, five drops of 
oil of bergamot together with 5 drops of red cake color- 
ing are put in and the mixture is thoroughly stirred until 
it appears homogeneous. Anhydrous lanolin may be 
used in lieu of hydrous lanolin. Lotace II is a good fluid 
lotion, but an excess of it tends to make the skin tempo- 
rarily ‘“‘greasy.’’ However, a little powdered talc will 
remove the greasy appearance. Diglycol laurate carries 
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lanolin with it as it soaks into the skin. 
skin is supplied with its needs more readily, and the 
surface of the skin is left less greasy than it would be jf 
lanolin alone were used. The materials required to 
prepare lotace II are not expensive enough to be pro. 


In this way the 


hibitive. Hydrous lanolin and diglycol laurate each 
cost about fifty cents a pound, and enough oil of berga. 
mot to perfume four quarts of emulsion can be pur. 
chased for about ten cents. 

Another pupil, having studied the work of those who 
had prepared lotace II, became interested logically in 
the possibility of preparing an emulsion that was less 
fluid than lotace II. Accordingly, this problem was as. 
signed to the interested pupil and, by considerable ex. 
perimental work, he prepared an emulsion called lotace 
I, which has the consistency of vaseline at room tem- 
perature and is useful asanemollient. Variation of the 
proportion of water will vary the consistency of the 
resulting emulsion. Lotace I was prepared from 5 g, 
of hydrous lanolin, 5.5 ml. of water, 2.5 g. of diglycol 
laurate together with perfume and coloring mixed in 
the manner described for the preparation of lotace II. 
Like lotace II, lotace I does not become rancid; thus 
no preservative is necessary. At temperatures above 
40°C. a little separation occurs and a thin layer of 
transparent oil forms upon the surface. However, the 
mixture acquires its normal uniform opacity when it is 
cooled and shaken or stirred. Lotace I is good for the 
skin of the hands hardened or chapped by exposure or 
by labor. Twenty-five persons who have tried lotace 
I report it desirable to use as a lotion or to add oil to 
the skin from which natural oil has been removed by 
the solvent action of alkalies such as are present in soapy 
water. 

The research pupils made use of the detergent prop- 
erty of diglycol laurate in the preparation of non-alka- 
line cleansers for the skin. They found that lotace IV 
is the best one of the mixtures already described to re- 
move paints, oils, grease, stains, varnishes, and gums 
from the skin. This detergent property of lotace IV 
was attributed to its essential ingredient, diglycol lau- 
rate. In this investigation of cleansers, the pupils often 
demonstrated originality. For example, they found an 
interesting application for lotace IV. To clean wood- 
work in chemical laboratories, janitors use such cleansers 
as ‘Challenger Liquid Scrubbing Compound” sold by 
Huntington Laboratories of Colorado. A cleanser of 
this type removes materials from the varnished sur- 
faces and covers the hands of the worker with gummy 
matter and stains. Ordinary soaps and other alkaline 
cleansers fail to remove these materials from the skin, 
but lotace IV, and even lotace I, have proved satis- 
factory for this purpose. As another example, students 
preparing isovaleric acid in the laboratory experience a 
very objectionable and highly persistent odor on their 
hands that have been in contact with some of the react- 
ing materials or even with the vapors of the materials. 
Lotace IV readily removes the objectionable odor 
whereas ordinary alkaline soaps do not. The experi- 
ence of the pupils, codperating with twenty-five per- 
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sons who were using the various emollients and cleans- 
ers, indicated that lotace I or lotace II are more de- 
sirable cleansers, as a rule, than lotace IV, except in 
cases where it was necessary to remove exceptionally 
persistent materials from the skin. In other cases the 
objection to lotace IV is that it removes natural oil as 
well as dirt from the skin. To clean the skin with 
Jotace I, II, or IV, a little of the emulsion is applied, 
thoroughly rubbed in, and then the excess is wiped off 
with a cloth or washed off with water. 

The pupils performed several experiments to test the 
cleansing properties of diglycol laurate and of emul- 
sions containing diglycol laurate. A mixture, called 
cleanace, containing equal parts by volume of diglycol 
laurate and ethyl acetate was found to be a good cleanser 
for the removal of grease, paints, gums, varnishes, 
stains, and inks from the skin and from certain fabrics. 
The mixture was found to be a more effective cleanser 
than pure diglycol laurate. However, ethyl acetate 
has the objectionable properties of being inflammable, 
highly volatile, and of possessing an odor not agreeable 
to everyone. On the other hand, diglycol laurate has 
none of these objectionable properties. The advan- 
tages of such oil.cleansers as cleanace or diglycol lau- 
rate are: 


(1) Water is not necessary for the cleaning process. 


(2) The emulsifying tendency of the oils is much 
more pronounced than that of typical alkaline soaps. 

(3) In many cases the removal of residual cleanser is 
not a problem as it is in the case of the alkalies. For 
example, it is convenient for a motorist to have some oil 
cleanser and a cloth in his car so that, without water, 
in case of necessity he can remove a spot of grease from 
his hand. 

The pupils demonstrated that cleanace, lotace I, 
II, and IV were all much better than alkaline soaps to 
remove dyes, inks, paints, stains, gums, varnishes, and 
grease. Of the cleansers tested, cleanace was found to 
be the best for the removal of dried paint from the skin. 
By proper choice of an oil cleanser adapted to a par- 
ticular need, one may make it unnecessary to remove the 
residual cleanser which need not be objectionable. 

Two of the research pupils performed some experi- 
ments on the removal of spots of grease, paints, stains, 
gums, and varnishes from fabrics, although they did 
not make a complete investigation. However, their 
work indicated that cleanace, for example, did not 
weaken fabrics, although it readily removes grease, 
inks, gums, paints, and varnishes from cotton, woolen, 
rayon, and silk fabrics. The residual cleanser was re- 
moved by lukewarm water because diglycol laurate so 
teadily emulsifies in water and tends to carry with it 
the materials which are to be removed from the fabric. 

The high emulsifying power of diglycol laurate proved 
useful to remove oily mixtures from glassware. As an 
illustration, a beaker that had contained a mixture of 
olive oil, diglycol laurate, and other oils was flushed free 
of oil by a stream of cold water flowing from a faucet 
into the beaker for one or two minutes. After this 
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treatment, the beaker was dried by means of a clean 
white cloth and no oil could be seen on the cloth. 

In a library study, one of the pupils found that oc- 
casionally human skin is ‘‘sensitive’’ to animal oils such 


as lanolin. Accordingly, this pupil prepared some lo- 
tions and emollients containing olive oil in lieu of 
lanolin. In the same manner as that described for the 
preparation of lotace II, a permanent fluid emulsion, 
called lotace III, was prepared from 5 g. of diglycol 
laurate, 5 g. of olive oil, 15 ml. of water, 2 drops of oil 
of bergamot, and a few drops of red cake coloring. As 
a perfume, oil of wintergreen, for example, may be sub- 
stituted in place of oil of bergamot. Lotace is a viscous 
fluid, but there are a number of emulsions containing 
olive oil and diglycol laurate which have the consistency 
of lotace I at room temperature. One such emulsion, 
lotace V, is made up in the proportions, 5 g. of diglycol 
laurate, 2.5 g. of olive oil, and 9 ml. of water. Lotace 
I, II, III, IV, and V are opaque and white unless they 
are tinted by addition of coloring. 

A research pupil, who had read of the pH of an emol- 
lient or lotion as a significant factor determining the 
quality of the product, indicated his interest in some 
pH experiments. Similarly, this pupil was interested 
in the significance of pH. Quite appropriately, he 
was encouraged and directed to perform suitable ex- 
periments. He determined that the permanency and the 
emulsifiability of the diglycol laurate are functions of 
the pH of the mixture in which diglycol laurate is con- 
tained. For example, a mixture of 5 g. of olive oil, 2.5 g. 
of diglycol laurate, and 9 ml. of water was prepared in 
the usual way and then made slightly acid to litmus by 
addition of citric acid. At first the mixture was a white, 
frothy, viscous fluid at room temperature. But within 
three days the sample left in the test-tube had largely 
separated into three layers. A little sodium carbonate 
was stirred into the mixture until a drop of it was 
neutral to litmus. This mixture was heated until sput- 
tering began and then was continually stirred while it 
was allowed to cool in a beaker. The resulting emulsion 
was a frothy viscous fluid which did not separate into 
layers when it stood in a test-tube for several days. To 
prepare a permanent emulsion that was acid to litmus, 
more diglycol laurate was required than for any neutral 
mixture of the same ingredients. The same requirement 
applies, qualitatively, at least, as the pH is further in- 
creased. A similar effect was observed when different 
amounts of water were used with various samples con- 
taining the same proportions of oil. A permanent 
alkaline emulsion can contain more water, the propor- 


‘tions of the other ingredients remaining the same with 


respect to each other, than a permanent neutral emul- 
sion can. 


CONCLUSIONS 


1. Carefully selected high-school pupils can conduct 
worthwhile chemical research. The training not only 
provides an outlet for the particular bent of a pupil but 
also gives him a better appreciation of the possibilities 
in chemistry. Chemical research activities do not neces- 
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sarily interfere with other aspects of high-school pupils’ 
training. 

2. Five high-school pupils, working individually, 
were directed in research so that they completed a uni- 
fied program of investigation. They examined com- 
mercial lotions, emollients, and cleansers, and made 
both library and experimental studies of them. By 
original procedures, the pupils prepared and tested 
several samples of good emollients, lotions, and cleans- 
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ers that are very different in composition and in Prop. 
erties from typical commercial products. 


3. Each research pupil learned something of jp. 
portance concerning the methods of using availab} 
literature and chemical laboratory facilities to study 
problem from the research viewpoint. In addition, 
each pupil acquired individual training that he needed, 
although no two pupils’ needs were wholly alike. 





A MODIFIED METHOD FOR THE IDENTIFICATION OF SILVER 
F. A. VAN ATTA 


Armour Institute of Technology, Chicago, Illinois 


IN systematic cation analysis, as taught in the great 
majority of courses in qualitative analysis, silver, lead, 
and mercurous chlorides are precipitated as Group I. 
The lead chloride is dissolved by repeated treatment 
with hot water, and silver and mercurous chlorides are 
separated by dissolving the silver chloride in ammonium 
hydroxide. The identification of silver depends upon 
reprecipitation of the silver chloride when the am- 
moniacal solution is acidified with nitric acid. It isa 
common observation that, under these conditions, the 
reprecipitation of silver chloride is very erratic. For 
the present purpose it is not necessary to inquire 
whether this frequent failure of the precipitation is due 
to the formation of a stable, soluble ammine or com- 
plex ion or to other causes. The important considera- 
tion for qualitative analysis is to find a remedy for the 
condition or to find another reaction which is not sub- 
ject to this limitation. The writer has chosen to find 
another reaction. 

In choosing such a reaction there are a variety of con- 
ditions to be met. First, since students of qualitative 
analysis are usually freshmen or sophomores with no 
knowledge of organic chemistry it seems desirable to 
avoid, so far as possible, the use of complex organic 
reagents, even though they give specific tests for a 
single ion or small group of ions, and to attempt to find 
reagents of sufficient simplicity that the reactions will 
be easily understood by the students. Second, the 
reaction should proceed readily under the conditions 


which will be found in the semimicro procedures now ° 


becoming popular, and in which the control of condi- 
tions cannot be as accurate as it is on the larger scale. 
Third, the sensitivity should be reasonably good. 
Fourth, the product of the reaction should be in such a 
state that further confirmatory tests may be easily ap- 
plied if they are desired. With all of these considera- 
tions in mind it seemed that the easiest and most logical 
device would be to reduce the silver to the metallic 
state as the first operation. 


When reduction of silver chloride to the metal js 
mentioned at all in the course of qualitative analysis 
the reagents recommended are usually sulfuric acid and 
zinc, or the equivalent, as in Curtman’s! recent text, but 
a reduction in an acid medium, with the accompany- 
ing violent evolution of gas is undesirable on a small 
scale. Accordingly, a simple reduction in an alkaline 
medium was preferred and was effected by the use of 
formaldehyde in the presence of potassium hydroxide, 

There is certainly nothing new or ingenious in the 
reaction but it does not seem to have been used before 
in this way and it has a great deal to recommend it. 
First, the silver is reduced in the ammoniacal solution 
simply by the addition of 5 drops of 20 per cent. 
potassium hydroxide solution and 2 drops of us? 
formaline to a sample representing not more than 10 
mg. of silver ion in a volume of 1 ml. Second, formalde- 
hyde will not reduce any other of the common cations 
of either Group I or Group II. Third, the precipitated 
silver appears in the form of a voluminous, intensely 
black, spongy mass which is very easy to see. Fourth, 
the silver is easily washed sufficiently free of the mother 
liquor and may be used for any further confirmatory 
tests which may be desired. Fifth, while the test is not 
recommended as especially sensitive, it is easily possible 
to detect silver ions at a concentration as low as 0.5 mg. 
per liter in the absence of large amounts of mercurous 
ion. If large amounts of mercurous ion are present it 
is, of course, necessary to make the test for silver on the 
residue from the solution of the mercury-mercuric 
ammine mixture in aqua regia as well as on the am- 
moniacal solution, and the sensitivity will be lowered 
accordingly. 

This test has been in use in the writer’s course i 
semimicro qualitative analysis, with freshman stt- 
dents, for one semester and has been found to give com- 
plete satisfaction. 


1CurTMAN, L. J., “Qualitative chemical analysis,” Revised 
Edition, The Macmillan Company, New York City, 1938, p. 362. 
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LABORATORY EXPERIMENTS for 
an INTRODUCTORY COURSE 
in ORGANIC CHEMISTRY 


NICHOLAS D. CHERONIS 


Chicago City Colleges, Chicago, Illinois 


HE chief objective in the introductory course of 
organic chemistry is the selection of pertinent 
facts and the arrangement of these in such a 
manner as to develop and illustrate the fundamental 
principles of the carbon compounds. There are great 
obstacles, however, in the attainment of this objective. 
There is a bewildering accumulation of facts with refer- 
ence to organic compounds, with but few correlated 
general principles. As a result, the beginner is con- 
fused in attempting to wade through the relations be- 
tween the vast number of carbon compounds. There 
isno guiding principle such as the Periodic Table, which 
the student finds so helpful in the study of inorganic 
chemistry. The study for the beginner becomes an 
array of formulas, preparations, and reactions of one 
group of compounds after another. 
The laboratory work in the introductory course con- 


sists largely of experiments in which the sole object is 
toattempt one preparation after another. Occasionally, 
afew tests are given at the end of the preparation to 
illustrate characteristic reactions which are often gen- 
eral properties of the group to which the particular 


compound belongs. In recent years there has been a 
tendency to devote between one-fourth and one-fifth 
of the semester’s work to the development of skills 
and technics such as distillation, determination of melt- 
ing points, crystallization, extraction, and so forth. 
Aside from this innovation, the laboratory work of the 
introductory. course has hardly changed for the past 
twenty-five years. 

In a previous paper,’ the author presented a series 
of experiments adapted to an introductory course to 
show both general group properties and reactions as 
well as difference in reactivity. 

The present paper is a further elaboration of a 
laboratory course in organic chemistry, one of whose 
objectives is to bring out the relations among the vari- 
ous carbon compounds rather than to teach prepara- 
tions alone. The plan followed in the course is the ar- 
fangement of the compounds of carbon into groups 
which show related properties. The preparation of 
one or two compounds in each group serves to illustrate 
the principles involved in the general methods of prepa- 


1CuEronis, N. D., “Reactivity experiments for an intro- 
isa course in organic chemistry,” J. CHem. Epuc., 14, 480 


(1937 


ration. This is followed by a systematic study, which 
shows both general group properties and reactions, and 
also differences in reactivity. A few experiments are 
carried out as typical preparations, primarily with the 
objective to teach technic and to obtain a good yield; 
however, most preparation work involves small quanti- 
ties, and this has led to the development of simple ap- 
paratus for the separation, distillation, and refluxing of 
small amounts of materials.2 The number of com- 
pounds tested in a particular group is quite large and 
has been selected from substances which are available 
at a low cost, or which can be prepared easily. In this 
connection, it should be mentioned that a large number 
of organic compounds which were rare a number of 
years ago are common articles today, and can be used 
advantageously in teaching. 

A permanent part of this course is the provision for 
demonstration experiments performed by the instructor 
once a week during the regular laboratory period. These 
supplement, rather than replace, the work of the stu- 
dent. Demonstration experiments illustrating the aldol 
condensation, the numerous applications of the Grig- 
nard reagent, the use of benzenesulfonyl chloride for the 
separation of the amines, and so forth, have been found 
extremely helpful by students who would otherwise 
have had only a blackboard knowledge of the reaction. 
Further, the student gradually becomes acquainted 
with more involved technic and apparatus than he 
would meet through his work alone. 

The first part of the laboratory work includes ex- 
periments on the courses of organic compounds, their 
purification by crystallization and distillation. This in- 
cludes the usual determination of the melting point, 
and the microdetermination of the boiling point, fol- 
lowed by the identification of elements in carbon com- 
pounds. An experiment on the molecular structure of 
carbon compounds, using diethyl ether and butanol, 
serves as an introduction to the study of isomerism. 
After this there is a unit on hydrocarbons. 

The student has had thus far a study of the carbon 
atom with reference to the periodic system, followed by a 
review of the structure of matter from the modern point 
of view, ionic and non-ionic compounds, and a classi- 


2 CuHeronis, N. D., “The use of semi-micro technic in ele- 
mentary organic chemistry,” ibid., 16, 28-34 (1939). 
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fication of organic compounds based on the stage of 
oxidation of the carbon atom. This serves as a preview 
of the first part of the course. The following table illus- 
trates the principle of classification of organic com- 
pounds according to reaction properties which can be 
related to structure, arranged according to the stage of 
oxidation of the carbon atom. The assumption back 
of this classification is a deliberate attempt to give the 
student a related comprehensive view of the simpler 
groups of organic compounds. 


TABLE 1 


CLASSIFICATION OF THE SIMPLER GROUPS OF ORGANIC COMPOUNDS ACCORD- 
ING TO THE STAGE OF OXIDATION OF THE CARBON ATOM 


0 Z II III av 


Completely (Each Stage Represents a Shift of One Completely 
Reduced Electron Pair) Oxidized 


CH, = CH;X — > CHxXx., — CHX; 


| 


on 


Bee [HOH] 


[HOH] 


[Ox] [Ox] 
CH;OH 2 CH,0 @ 
[Red] [Red] 


R—CHX2 
R—CHO 
R:—CO 


HCO.H —> CO, 


R—X 
R—OH 
R—NH2 


R—CX; 
R—COOH 


In the above classification, the carbon in methane 
or any other hydrocarbon is considered totally reduced, 
and that of carbon dioxide completely oxidized. As- 
suming that each of the four hydrogen atoms is at- 
tached by a pair of electrons, the replacement of a hy- 
drogen atom by another group which is more negative 
than hydrogen will be considered a partial oxidation of 
the carbon atom. Similarly, where two hydrogens are 
replaced, as in the aldehyde, by oxygen, this is considered 
as belonging to the second stage of oxidation. The 
third stage includes the carboxyl group, and further 
oxidation will cause rupture of the carbon-to-carbon 
bond with formation of carbon dioxide. It is admitted 
that this classification is by no means free from diffi- 
culties, but the advantages obtained for the beginner 
more than justify its use. 

In this presentation, the usual separation into aliphatic 
and aromatic compounds is avoided. For instance, all 
monohalogen derivatives of the hydrocarbons are con- 
sidered in one group. If we write RX, where X is a 
halogen, for the general formula of the organic mono- 
halide, it is possible to treat, first, all reactions which 
are common to the monohalides, and then to show how 
the radical R influences the rate of reaction of the com- 
pound. For instance, the hydrolysis of monohalides to 
give hydroxy derivatives or the ammonolysis to give 
amines are common to all. The lower alkyls react 
faster than the higher ones, while those with aryl 
radicals require temperatures above 150°C. for any ap- 
preciable reaction. 
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THE STUDY OF HYDROCARBONS 


The hydrocarbons are regarded as parent substan, 
from which other groups are derived. The laboratory 
work on the unit on hydrocarbons is shown in the fo. 
lowing table. 


TABLE 2 


OUTLINE OF EXPERIMENTS ON HYDROCARBONS 


Experiment Objective of the Experiment 


Reduction of an R—X* by the use of the Grignar 
reagent (* X = halogen) 


1. n-Butane 


Union of two radicals when two monohalogens ay 
reduced under anhydrous conditiors 


Wiirtz-Fittig 

reaction 

Test-tube experiment, with calcium acetate anj 
calcium benzoate 


Removal of 
carboxyl 


Removal of water from alcohols. _ Difference ig 
ease of dehydration between secondary anj 
tertiary alcohols 


Study of amylene 
and cyclohexene 


Acetylene Brief study of properties 


Benzene Brief study of properties 


Study and contrast of reaction properties of: 
pentane, isopentane, pentene, hexane, cyclo 
hexane, cyclohexene (cyclohexadiene), benzene, 
toluene, naphthalene; their reaction towari: 
aqueous 0.04 per cent. neutral permanganate 
bromine in carbon tetrachloride, nitric acid, 
sulfuric acid; action of molecular bromine 
saturated hydrocarbons 


Reaction of 
hydrocarbons 


The preparation of n-butane by the use of the Grig. 
nard reagent is a demonstration and illustrates the 
preparation of a pure hydrocarbon. It also introduces 
the student to a simple reaction which later will k 
shown to be applicable to the preparation of other 
groups of organic compounds. In addition, it is a good 
demonstration of a little more complex apparatus such 
as the three-necked flask, mercury seal stirrer, and the 
extraordinary cleanliness and care involved in the e- 
periment. 

The study of the preparation of a hydrocarbon by the 
Wiirtz-Fittig reaction involves the union of two or 
ganic radicals when two monohalogens are reduced ut- 
der anhydrous conditions. Either the preparation d 
n-hexane from n-propyl bromide or the preparation 
of ethyl benzene from bromobenzene and ethyl] bromide 
is used. The latter gives better results. The yield ob 
tained by students varies between forty and fifty pe 
cent. of the theory. 

The removal of the carboxy] illustrates the difficulty 
of reduction of this group to the hydrocarbon, or, for 
that matter, to any other group. The removal of the 
carboxyl is explained as an oxidation-reduction of two 
adjacent carbon atoms: 


H 
R—CH:COONa + NaOH—»>R—C—H-+Na:CO; 
| > 


Sw 





l 





reduced _ oxidized 
The unsaturated hydrocarbons are introduced by 
means of amylene and cyclohexene. Amylene is easily 
prepared in small quantities by mixing concentrated 
sulfuric acid and ¢ert.-butanol. The layer of amylent 
separates on top and can be separated by means of the 
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separatory tube shown in Figure 18 of the article on 
semimicro technic. The choice of cyclohexene as an 
experiment * to study further the preparation of unsatu- 
rated hydrocarbons lies chiefly in its relation to benzene. 


bstancgs 
oratory 
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The student learns that it is possible, by stepwise 
removal of hydrogen, to change cyclohexane to cyclo- 
hexene, cyclohexadiene, and cyclohexatriene, which is 
benzene. Cyclohexene exhibits the characteristic re- 
actions of unsaturated hydrocarbons; cyclohexadiene 
exhibits these reactions to a greater degree. It would 
follow, then, that benzene should show an extraordinary 
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a goo reactivity and instability. 

iS such In the experiment on the reactions of hydrocarbons, 
nd the #® the student tests the behavior of about 0.5 g. of ten 
he ex: hydrocarbons to various reagents so as to contrast the 





properties of the various groups. For instance, the 







by the action of bromine in carbon tetrachloride differentiates 
yo or the saturated from the olefins. Upon exposing to light 
od un: those tubes which do not discolor immediately, halogena- 





tion by substitution may be shown. The action of 
neutral permanganate confirms this differentiation, 
and in addition it shows the greater reactivity of naph- 
thalene as compared to benzene. 

The relation of benzene to other six-carbon hydro- 
carbons is revealed in this study. The reactions of cy- 
Clohexene and cyclohexadiene with bromine and po- 
tassium permanganate are instantaneous, while with 
nitric acid and sulfuric acid, explosive reactions occur. 
Yet benzene exhibits a stability characteristic of satu- 
tated structures. 

Later, various theories will be presented which pro- 
pose to account for the stability acquired when another 
double bond is introduced. 

This experiment completes the study of hydrocarbons. 
Although the unit is rather long, it has been found that 
the student acquires a better understanding of the field 
than with the orthodox presentation. The following 
advantages are thought to be derived: 

(a) It gives a clear picture of the main groups of hy- 


*CuERonis, N. D., “The use of semimicro technic in elemen- 
tary organic chemistry,’ J. CHEM. Epuc., 16, 28 (1939). 
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drocarbons; aliphatic, cyclic saturated, unsaturated, 
and aromatic. 

(b) It shows difference in reactivities of various mem- 
bers of the same group. 

(c) A better introduction and correlation is shown 
between the benzenoid and non-benzenoid hydro- 
carbons. 


THE MONOHALIDES 


In the study of monohalides, which in this course 
follows the study of the hydrocarbons, a number of ex- 
periments are used which illustrate the general methods 
of preparation and their principles; and also their 
characteristic reactions. The experiments which are 
listed in Table 4 are used in the study of this unit. 


TABLE 4 


EXPERIMENTS ON MONOHALIDES 
Objective of the Experiment 
Application of the law of mass action to: 
R—OH + HX S$ R—X + HOH 
Differences in rate at which equilibrium is 
reached between primary, secondary, and 
tertiary butanols 
Halogenation of hydrocarbons. 
of halogenation catalysts 
Preparation for yield 


Experiment 
The butyl chlorides and 
bromides 


Demonstration on the Discussion 


bromination of benzene 


Preparation of n-butyl 
bromide 


Reactions of monohalides (a) Rate of hydrolysis of chlorides: x-butyl, 


sec.-butyl, tert.-butyl, n-amyl, cyclohexyl, 
phenyl, benzyl, and naphthyl 

(b) Ammonolysis of n-amyl bromide, tert.- 
amyl bromide, and methyl iodide. For- 
mation of amines and quaternary salt. 
Side reactions in ammonolysis 

(c) Action of alcoholic KOH on chlorides: 
n-amy], tert.-amyl, cyclohexyl, benzyl, and 
phenyl. Conditions for removal of HX. 
Olefins 


(d) Ether formation: 
R—X + R—ONa — R—O—R + NaX 


The preparation of the alkyl halides by the reaction 
of the monohydroxy alcohols with aqueous hydrogen 
halide*+5 can be easily illustrated by test-tube ex- 
periments. The general formula for the formation is 
written: 

R—OH + HX @ R—X + HOH 

Application of the law of mass action indicates the 
use of excess of the acid and of a catalyst if the attain- 
ment of equilibrium is slow. The use of primary, 
secondary, and tertiary butanols illustrates further the 
relative ease of reaction of the primary, secondary, and 
tertiary alcohols. With 5 cc. of alcohol and 10-12 cc. 
of concentrated hydrochloric or hydrobromic acid, the 
tertiary halide separates immediately. The secondary 
and primary do not show appreciable reaction and 
after addition of zinc chloride the tubes are heated in 
a water bath. The separation of small amounts of the 
halides formed in the tests is accomplished by the use of 
the separatory tube. Purification by distillation is also 
possible by the use of very simple micro-distilling ap- 
paratus described. 





3 CLARK AND STREIGHT, Trans. Roy. Soc. Can., [3], 23, Sect. 3, 
77 (1929). 

4 Norris, “Organic Syntheses,” Coll. Vol. 1, 1932, p. 137. 

5 KAMM AND MarRVEL, J. Am. Chem. Soc., 42, 299 (1920). 
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The formation of halides by the direct halogenation 
of hydrocarbons is illustrated by a demonstration of 
bromination of benzene. Halogenation of hydrocarbons 
in general is discussed, including the use of catalysts, 
methods of introducing the chlorine or bromine, and 
products formed. 

The experiment on the preparation of u-butyl bro- 
mide‘ is performed by the student, with the main objec- 
tive of obtaining a good yield. In the course of this ex- 
periment it is possible to check whether the student 
has acquired the skill of setting up apparatus, and so 
forth. 

The experiment on the reactions of monohalides is 
designed to illustrate a number of general reactions, 
such as hydrolysis, ammonolysis, removal of halogen 
acid and reaction with alcoholates to form ethers. It is 
also possible to show differences in the reactivities of the 
various groups of halides. 

The discussion of hydrolysis is again taken up as an 
application of the law of mass action to the general 
reaction: 


R—OH + HX = R—X + HOH 


In the preceding experiment on the formation of the 
halides, the student was interested in the shift of equi- 
librium to the right; in this case he is interested in 
shifting the equilibrium to the left. The hydrolysis of 
n-butyl, sec.-butyl, fert.-butyl, m-amyl, cyclohexyl, 
phenyl, benzyl, and naphthyl chlorides has been de- 
scribed in a previous paper.’ The rate is appreciable 
in the tertiary alkyl as compared to the primary alkyl, 
and the latter is faster when compared to halides in 
which R is a cyclic group. 

The ammonolysis of the monohalides is a reaction 
which has not been used for laboratory experiments, 
due to the fact that mixtures are formed, and the re- 
action in the aqueous system is slow at ordinary tempera- 
tures. Using alcoholic ammonia, it is possible to 
illustrate adequately the formation of quaternary 
compounds, the formation of mixtures of amines in the 
ammonolysis of primary halides, and, above all, olefins 
in the case of tertiary. 

When a small amount of methyl iodide is added to 
excess (4 moles) of saturated ammonia solution in 
ninety per cent. methanol, tetramethyl ammonium 
iodide separates within two to four minutes. The 
quaternary compound is saved for the work on amines 
when the quaternary base is prepared by the student by 
addition of silver hydroxide. This reaction introduces 
the mode of reaction of compoundsof the general formula 
RX with ammonia. The student is familiar with 
the reaction of HCl and HI with ammonia: 


H 
HX + NH; —~> | wie | x 
H 


In a similar manner, the monohalides react with am- 
monia, first forming compounds which the halide adds 
to the molecule of ammonia: 


6 “Organic Syntheses,” Coll. Vol. 1, 1932, p. 26. 
7 CuErRonts, N. D., J. Cuem. Epuc., 14, 480 (1937). 
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H 
NH; + RX —> Ea x 
R 


From this complex or salt, HX can be removed to give 
the amine. Further reaction yields secondary, tertiary, 
and finally the quaternary compound. 

The difference between the ammonolysis of primary 
and tertiary amyl bromides illustrates the ease with 
which the tertiary halides undergo removal of halogen 
acid to give unsaturated compounds. It also illustrate, 
the general principle that in any reaction of organic 
compounds there are many competing equilibria ip. 
volved, and often the conditions chosen do not lead 
to the desired product. 

The action of alcoholic alkalies for the removal of 
halogen acid and production of unsaturated compounds 
is a classical reaction found in all elementary textbooks 
of organic chemistry. Reference to the extensive 
literature® on this topic discloses that ether formation 
may also take place. The tests to illustrate this re. 
action have been designed to show these differences, F 
Alcoholic potassium hydroxide is added to n-amyl, 
tert.-amyl, cyclohexyl, benzyl, and phenyl chlorides, 
The extent of the reactions is shown by the amount 
of sodium chloride which separates. Addition of water 
separates the product which can be tested for olefin 
by removing a few drops. Benzyl chloride reacts rap. 
idly but gives no olefin, as there is no alpha hydrogen, 
The halogen attached directly to the phenyl group 
does not react. Tert.-amyl and cyclohexyl halides give 
olefins, while the primary halide gives almost exclusively 
ether. This reaction can be further illustrated as de. 
scribed in the experimental part. 

The student, it is hoped, obtains a first-hand knowl- 
edge of some of the general reactions of the halogen 
group, and, in addition, acquaintance with the differ. 
ences in reactivities in metathetical reactions between 
primary, secondary, and tertiary, as well as between 
alkyl and aryl compounds. The student was not able 
to effect removal of the halogen attached directly to the 
phenyl group. He may be asked then to state the con- 
ditions under which either hydrolysis or ammonolysis 
of such compounds is possible. The reaction is a general 
one; only the rate differs, depending on the nature of 
the radical attached to the functional group. 


EXPERIMENTAL 


I. Reduction of a Monohalide to the Hydrocarbon by 
the Use of the Grignard Reagent.—The preparation of the 
n-butyl magnesium bromide is made according to the 
standard method.® The amounts of the reagents used 
are 2.7 g. of magnesium, 20 g. of n-butyl bromide and 
65 cc. of dry ether. After all the magnesium has tt 
acted, the top of the condenser is connected, first, with 

8 Ner, Ann., 309, 126 (1899); ButLeror, Ber., 3, 422 (1870); 
WISLICENUS, TALBOT, AND HENzE, Ann., 313, 237 (1900); 
Bayer, tbid., 278, 94 (1894); WAGNER AND SAyTzEv, ibid., 175, 
it Gere); Lucas AND Moyseg, J. Am. Chem. Soc., 47, 1461 

1925). 

9 GrMAN, ZOELLNER, AND Dicxgy, J. Am. Chem. Soc., 51; 

1579 (1929); “Organic Syntheses,” Coll. Vol. I, 1932, p. 182. 
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a dry bottle or a U-tube immersed in an ice mixture, 
then with a washing bottle containing sulfuric acid, 
and then to an empty bottle leading to a pneumatic 
trough arranged for the collection of gas by displace- 
ment. The reaction flask is placed in a small pail of 
ice water, and water containing dilute hydrochloric 
acid is added through the separatory funnel, drop by 
drop, so that a constant stream of gas is obtained. 
Several bottles are collected, and the usual tests are 
made, 7. e., combustibility, action of bromine water, 
and aqueous 0.04 per cent. potassium permanganate. 

II. Wurtz-Fittig Reaction.!\—Ethyl benzene is pre- 
pared by the well-known method. In practice, 20 g. of 
bromobenzene, 17.3 g. of ethyl bromide and 40 cc. of 
dry ether and 9 g. of freshly cut sodium are allowed to 
react in a flask provided with a reflux. At the next 
laboratory period, the sodium bromide and unreacted 
sodium are filtered through glass wool, the ether evapo- 
rated, and the residue fractionated. Yield of 45-65 
per cent. is usually obtained by the students. 

III. Preparation of Hydrocarbons by Removal of 
Carboxyl.—Methane and benzene are obtained by heat- 
ing of sodium acetate and benzoate, respectively, with 
soda lime. Five g. of the salt and 2 g. of the alkali are 
ground in a mortar, then heated in an ignition tube. 
Methane is collected by water displacement. Benzene 
is collected in a test-tube immersed in cold water. 

IV. 1. Amylene (2-methyl-butene-2).—Add a few 
drops of ¢ert.-amyl alcohol to 2 cc. of bromine water, 
shake, and note if there is any immediate decoloriza- 
tion. Place 5 cc. of the alcohol in a test-tube, immerse 
in a beaker of cold water and add carefully 1 cc. of con- 
centrated sulfuric acid. Rotate the tube so as to mix 
the contents. After a minute, add another cc. of the 
acid. Rotate the tube as before. Take the tube out 
and allow to stand for a few minutes. Note the layer 
that separates on top. By means of a pipet remove 
small portions and test with bromine water and potas- 
sium permanganate solution. If semimicro equipment 
is available, the amylene layer is removed by means of 
the separatory tube and then distilled. 

For the practical preparation of amylene, fifty per 
cent. sulfuric acid is used to avoid the formation of 
polymers (sludge). The chief product is 2-methyl-bu- 
tene-2. What other unsaturated hydrocarbons are pro- 
duced? Consider the action of sulfuric acid on sec- 
ondary and primary amyl alcohols and write the 
possible products. 

2. Cyclohexene—In a 6500-cc. distilling flask are 
placed 50 cc. of cyclohexanol and 8 cc. of concentrated 
sulfuric acid. The flask is connected to a condenser 
attached to a well-cooled receiver.. The distilling flask 
is provided with a thermometer which reaches to the 
bottom of the flask. Heat is applied until the tempera- 
ture reaches 130° and the reaction mixture is main- 
tained at that temperature only until the end of distilla- 
tion. 


_ 2° Wurtz, Ann., (iii), 44, 275 (1855); Fittic AND KONIG, 
thid., 144, 277 (1867); ibid., 149, 324. (1869); ScHORLEMMER, 
tbid., 144, 184 (1867); zbid., 161, 277 (1872). 
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The cyclohexene is separated from the distillate by 
the addition of salt and removed by means of the 
separatory funnel, dried with a small amount of calcium 
chloride, and fractionated. The fraction which boils at 
80-82° is cyclohexene. 

V. Reactions of Hydrocarbons.—For demonstration, 
the action of 0.1 per cent. alkaline permanganate at the 
boiling point of the hydrocarbon, on n-hexane, cyclo- 
hexane, and benzene may be set up. For the following 
tests, unless otherwise specified, 0.5 cc. (or 0.4 g. of 
solid) is used. The materials for dispensing are placed 
in bottles provided with droppers. Eight to ten drops 
are used in each test. 

1. Oxidation with Aqueous Permanganate.—Add to 
each of ten test-tubes 5 cc. of 0.04 per cent. potassium 
permanganate solution and 0.5 cc. of five per cent. 
sodium carbonate solution and place in each the proper 
amount of one of the hydrocarbons. The last tube 
serves as control to compare the color. Observe any 
fading after one, ten, and thirty minutes. Write the 
equations for any reaction which takes place. Name 
the products. 

2. Action of Bromine.—(a) Prepare nine test-tubes 
fitted with corks. Place in each the proper amount of 
hydrocarbon and 2 cc. of two per cent. bromine solu- 
tion in carbon tetrachloride. Shake occasionally and 
observe any change immediately after addition. Place 
in the dark for five minutes, then examine again. Com- 
pare the color of each tube with the control. 

(b) For this test, use only m-hexane, cyclohexane, 
benzene, and naphthalene. Place 1 cc. of the hydrocar- 
bon, one drop of bromine (CAUTION) and a very small 
piece of iron wire in a test-tube. Place the tubes in a 
water bath at 60°C. in the hood. Observe after ten 
minutes. Blow across the mouth of the test-tube, to 
detect hydrogen bromide, then add 5 cc. of water. 

3. Action of Nitric Acid.—Add to each of ten test- 
tubes the proper amount of hydrocarbon and 1 cc. of 
a mixture of concentrated nitric acid and sulfuric acid. 
(CAUTION. Use the hood and when adding acid to un- 
saturated hydrocarbons, step back after addition of the 
acid.) 

Place the mixture that did not react immediately in 
a bath at 40-50°C. for fifteen minutes, then add con- 
tents to 25 cc. of water. Note any evidence of nitration. 

4. Action of Sulfuric Acid.—(a) To each of ten 
test-tubes add the proper amount of hydrocarbon 
and 1 cc. of concentrated sulfuric acid. Shake and note 
whether the hydrocarbon has dissolved. Allow to 
stand for five minutes and then examine again. Pour 
the contents into 10 cc. of water. 

(b) Use only n-hexane, cyclohexane, and benzene. 
Repeat the above, using fuming sulfuric acid (CAUTION). 
Allow to stand for fifteen minutes, then pour in 20 cc. 
of water, and note whether the product is soluble. 

(c) Ina test-tube, shake 1 cc. of cyclohexene with 1 cc. 
of seventy per cent. sulfuric acid, cooling the mixture 
until it is homogeneous. Add 2 cc. of water and note 
the layer of alcohol that separates out. 

VI. The Butyl Chlorides and Bromides: 1. Chlo- 
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rides.— In each of three large test-tubes, place 12 cc. of 
concentrated hydrochloric acid. To the first add 5 g. of 
n-butyl alcohol, to the second 5 g. of secondary butyl 
alcohol, and to the third 5 g. of tertiary butyl alcohol. 
Shake at intervals for five minutes. Ifa halide has been 
formed, it will form a separate layer. Separate the 
lower layer of those mixtures which have reacted by 
means of a separatory tube. 

Add 15 g. of zine chloride to the mixtures that did 
not react and heat them on a water bath for one hour, 
after first providing them with corks through which a 
glass tube about a foot long serves as an air condenser. 
If the chloride has formed, separate it and compare the 
yields. If semimicro apparatus is available, use one- 
fifth of the amounts of reagents. If it is desired to distil 
the halides by the micro-method, the amounts are in- 
creased slightly. 

2. Bromides.—Repeat the above, using forty-eight 
per cent. hydrobromic acid and 3 g. of concentrated 
sulfuric acid in place of the zinc chloride. 

Make a small amount of cyclohexyl bromide. From 
your knowledge of the cyclohexyl radical, decide 
whether it is necessary to use sulfuric acid or not. 

VII. Bromobenzene.—This well-known preparation 
is used as a demonstration experiment. Sixty g. of 
benzene and 150 g. of bromine are used. After the 
distillation of bromobenzene of the residue is poured into 
a small beaker and cooled to obtain the dibromobenzene. 

VII. N-Butyl Bromide: For this experiment the 
sodium bromide method" is used. For individual stu- 
dent practice, 0.5 mole of alcohol is used. 

IX. Reactions of Monohalides.—1. Hydrolysis.— 
The rate of hydrolysis as determined by the pH of the 
aqueous layer when the halide is mixed with water is 
determined for: n-butyl, sec.-butyl, éert.-butyl, n-amyl, 
cyclohexyl, phenyl, and benzyl chlorides. The details 
of this experiment have been described.!” 


11 “Organic syntheses,’ Coll. Vol. I, 1932, p. 26. 
12 CHERONIS, N. D., J. Cuem. Epuc., 14, 480-2 (1937). 
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2. Ammonolysis.—(a) To 2 g. (0.8 cc.) of methy| 
iodide add 10 cc. of saturated solution of ammonia jp 
ninety per cent. methanol. Cork and allow to stang 
for one-half hour. Note the time when the quaternary 
salt begins to separate out. Filter the salt and collect 
the filtrate in a small dish; evaporate in a water bath 
(hood). Wash the crystals with 5 cc. of methanol, dry, 
place in a tube, and save for the next experiment. 


(b) Place 20 cc. of a saturated alcoholic solution of 
ammonia (in ninety per cent. methanol) in each of 
two test-tubes. Add to the first 2 g. of n-amyl bromide, 
and to the second 2 g. of tert.-amyl bromide. Cork, label, 
and set aside until the following laboratory period. Add 
to 20 cc. of water and separate the upper layer of 
amine (and unchanged halide). Test two drops of 
each product for amylene by shaking with 2 cc. of 0.1 
per cent. potassium permanganate or bromine water, 
Record your observations. Place each sample of amine 
in the proper bottle, provided by the instructor, and 
save for future study. 


3. Action of Alcoholic Potash.—Use alcoholic potas- 
sium hydroxide solution containing 30 g. of the solid 
KOH dissolved in 90 cc. of ninety per cent. methyl or 
ethyl alcohol. ‘ 


Place 3 cc. of the alkali solution in each of three test- 
tubes. Add 1 cc. of n-amyl bromide, ¢ert.-amyl bromide, 
and benzyl chloride, respectively. Shake gently fora 
minute, cork, and set aside. Observe after thirty 
minutes the extent of the reaction as judged by the 
amount of potassium halide formed. After twenty- 
four hours add 3 cc. of water, shake, and allow to 
separate. Note the odor. With a clean dropper, 
withdraw from each two drops and test with bromine 
water and dilute permanganate. /ert.-Amyl bromide 
yields a considerable amount of ether besides the 
olefin. Explain the behavior of benzyl chloride. 
Place the contents of the three tubes in bottles pro- 
vided by the instructor. 





Lhe TRUE WAXES 


L. WILSON GREENE 


Aberdeen, Maryland 


STUDY of the wax literature shows that some 
confusion exists in the nomenclature and classi- 
fication of these substances. The term ‘‘wax’’ 
in the broadest sense is used to designate plastic ma- 
terials which resemble beeswax in physical properties. 
In Greek mythology and in the various writings of 


antiquity there are several references to wax and it is 
generally agreed that these are concerned with beeswax 
alone. Thus it is easy to understand that, when new 
products having properties similar to beeswax were 
discovered, they should be termed waxes also. As a 
result we have today a number of commercially im- 
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ortant substances called: waxes which are not related 
chemically to beeswax at all, although they may have 
“waxy” properties. 

From a chemical standpoint, waxes are defined as 
esters of fatty acids with monohydric alcohols of high 
molecular weight. They are distinguished from fats 
which are esters of fatty acids with trihydric alcohols 
(usually glycerol) of low molecular weight, and it might 
be added that the so-called fixed or fatty oils are in 
reality fats which are liquid at the ordinary tempera- 
ture. 

The more important substances that are erroneously 
called waxes are as follows: 

Bayberry wax.—A fat derived from the wax myrtle, 
Myrica cerifera. The substance is also known as my- 
rica wax, myrtle wax, and bayberry tallow. 

Ceresin wax.—A mixture of solid hydrocarbons ob- 
tained by refining ozokerite (ozocerite), a native paraf- 
fin. In the older literature it is sometimes spelled 
“cerasin.”’ It should not be confused with cerosin, a 
name occasionally applied to cane wax; with cerasin 
from brain tissue; with cerasein, a resin from wild 
cherry bark; or with sericin, a gelatinous substance 
obtained from natural silk. 

Earth wax.—This term is often applied to ceresin 
and sometimes to ozokerite. 

Mineral wax.—A term often employed to designate 
naturally occurring paraffin or ozokerite. 

Japan wax.—A fat obtained from the berries of 
Rhus succedanea and various other species of sumach. 
It is also called berry wax, sumach wax, and japan 
tallow. The product should not be confused with 
Japanese beeswax. 

Paraffin wax.—A mixture of solid hydrocarbons ob- 
tained from petroleum or occurring naturally. There 
are numerous references in the literature to amorphous 
wax, tail wax (wax tailings), residue wax, slack wax, 
and scale wax. These all pertain to paraffin separated 
in various phases of petroleum refining. 

There are several natural substances that are true 
waxes which, nevertheless, are not designated as such. 
These are described as follows. 

Arctic sperm oil.—A liquid wax from the bottlenose 
whale, Hyperoodon sp. It is also called bottlenose oil 
and doegling oil. The ordinary whale oil of commerce 
is a fat. 

Dolphin oil—A mixture of liquid wax and fat from 
the dolphin, Delphinus delphin, Lin. 

Jojoba oil.—A liquid wax from the seeds of the plant, 
Simmondsia californica. 

Mutton bird oil.—A liquid wax from the stomach of 
the mutton bird, or petrel, Aestrelata lessoni. 

Sperm oil.—A liquid wax from the sperm whale, 
Physeter macrocephalus. Also known as spermaceti oil 
and cachalot oil. Spermaceti, or cetaceum, is a solid 
wax obtained from the head cavity of this whale. 

Wool fat.—A semisolid wax from the wool of the 
Sheep, containing wax alcohols, free fatty acids, and 
cholesterol. The crude product has a variety of names: 
wool grease, Yorkshire grease, degras, moellon degras, 
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and, occasionally, suint. The term degras is also applied 
to fats such as cod oil, used in treating leather, while 
suint is actually the dried perspiration of the animal 
found on the wool. Refined wool wax is called lanolin, 
lanoline, and lanocerin. 

Several years ago it was customary to divide the 
waxes into two main groups, the liquid and the solid 
waxes. Each of these groups was further separated into 
animal and vegetable waxes. A better scheme is to 
classify them according to source, regardless of whether 
they are normally liquid or solid. Such a classification 
is given below with a few examples listed for each group. 
(A). Animal waxes 

(1) Insect (beeswax, Chinese insect wax, shellac wax). 

(2) Terrestrial (wool wax, mutton bird wax). 

(3) Marine (Arctic sperm wax, sperm wax, sperma- 

ceti). 
(B). Vegetable waxes 
Leaf, stem, and bark (carnauba wax, candelilla 
wax, cane wax, palm wax). 

(1) Fiber (cotton wax, flax wax, esparto wax, hemp 

wax). 

(2) Flower (rose wax, jasmine wax). 

(3) Fruit (apple wax, pomegranate wax). 

(4) Latex (cow tree wax, fig wax). 

(5) Seed (coffee wax, jojoba wax). 

(6) Bacillus (tubercle bacillus wax). 

(7) Fossil (montan wax, peat wax). 

It will be noted that montan and peat waxes are classi- 
fied as fossil vegetable waxes. They are found in 
lignite, peat, and coal. Some authors call them mineral 
waxes but an examination of their chemical nature 
shows them to be entirely unrelated to naturally oc- 
curring paraffin and ozokerite, which have likewise been 
termed mineral waxes. There may be some objection 
to the inclusion of tubercle bacillus wax under this 
scheme. It is more of the nature of a complex phos- 
phatide but it does contain typical wax acids. Someone 
has proposed that the fatty acid esters of the sterols, 
such as cholesterol oleate, be classed as waxes. By 
definition this could be done, even though the sterol 
portion of the compound has a terpene structure. The 
proposal, however, has not been adopted, and these 
substances are omitted from the classification scheme 
given above. 

The study of waxes offers many points of interest. 
Why liquid waxes occur in two species of whales, two 
of fish, one bird, and the seeds of a plant is an intriguing 
question, especially when we consider that the lipides 
of other whales, fish, birds, and plant seeds are mostly 
fats. The plant waxes are widely distributed through- 
out the vegetable kingdom but much remains to be 
learned regarding the relation of chemical composition 
of waxes to plant metabolism and habitat. New techni- 
cal applications of the natural and synthetic waxes 
are being constantly developed and the literature of the 
subject is growing larger every year. It is hoped that 
the present attempt to elucidate the subject of waxes 
will be of assistance to those who may wish to investigate 
wax chemistry more fully. 





SOME POINTERS for the 
HOME LABORATORY 


MYRON A. COLER 


Paragon Paint and Varnish Corporation, Long Island City, New York 


N A previous article’ the author has discussed the 
“evolution”’ of his home laboratory, and has pointed 
out that compactness had been one of the prime re- 

quirements. The present article describes in some de- 
tail a few of the tricks which were particularly helpful 


FIGURE 1.—ARRANGEMENT FOR STORING LoNG Gtass- 
WARE 


A—Side of tray wall. 

B—Channel. 

C—Screw providing friction hold with adjustable channel 
position. 

D—Piece of glassware. 

E—Supporting block. 


in securing compactness and which may be of use to 
others. 


A “‘FLUID SWITCHBOARD’’ 


We are all familiar with the use of electrical switch- 
boards which permit all major connections and modi- 
fications of one or more remote circuits to be made in a 
relatively small space; the corresponding set-up for 
“fluid services” is not so common. It has proved very 
convenient to mount on a single board tubes and stop- 


1 CoLeR, J. CHEM. Epuc., 15, 143 (1938). 


cocks leading to the top of the water tank, the water 
tank outlet, the hood baffleback, the hood roof, the 
water bath steam outlet, the gas line, and so forth. By 
means of flexible connections it is possible to connect 
these various lines in almost any reasonable series or 


le 


parallel arrangement 
desired, with the mini- 
mum consumption of 
working space. 

By way of example, 
suppose that it is de- 
sired to carry out a re- 
action in the hood 
which would require a 
sweeping atmosphere 
of nitrogen and an 
oscillatory discharge 
from an induction coil. 
The “fluid switch- 
board’’ is right above 
the main table-top so i>) 
that a nitrogen gener- 
ator could be set up 
on the table and 
connected to the hood 
roof inlet; when 
the baffle-back outlet 
is connected to the 
exhaust line and the hood is properly sealed a sweep- 
ing atmosphere of nitrogen will be maintained 
within. The induction coil, input potentiometer, and 
so forth, can be set up in another compartment, and 
by means of the electric outlets mounted in this com- 
partment and in the hood the two may be tied in on 
the electrical switchboard so that the output of the in- 
duction coil will be available directly in the hood. Thus, 
although the hood space is very small (length 15 inches, 
width 7.5 inches, and height 7.5 inches) it is still useful 
because there is no need to put anything into it except 
such apparatus as is concerned directly with the reac- 
tion proper. 











FicurE 2.—AN ARRANGEMENT 
FOR SUPPORTING GLASSWARE 


A—Cross-section showing a flask 
neck in position. 
B—Isometric drawing of split- 
block shown in A. 


A FLEXIBLE FAUCET 


By the attachment of a piece of liquid-tight flexible 
tubing, such as the helical stock used for desk lamps, 
to a mounted metal stopcock a faucet which will ‘‘stay 
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yt” in almost any position may be obtained. It may 
be left in the form of an ordinary goose neck or be bent 
so as to spray water on a particular piece of equipment 
in such a way as to completely avoid splashing, and so 
forth. 
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STORAGE OF LONG GLASSWARE 











Due to the well-known flowing properties of glass, 
long narrow pieces will often warp under vertical storage 
conditions unless suspended. In the case of intricate 


- Water shaped apparatus in which certain alignments must be 
of, the preserved, a multitude of auxiliary supports may be 
h. By required. A very convenient arrangement for storing 
onnect such glassware consists of a sufficiently long horizontal 
ries or drawer or tray provided with a number of parallel 


widthwise channels. In these channels are placed 
snugly fitting but readily movable blocks. The blocks 
extend above the channels and offer depressions parallel 
to the length of the box in which the glassware may 
rest. Since the blocks are movable, support may be 
applied wherever it is needed. Figure 1 shows an ar- 




































A rangement in which the positions of the widthwise 
channels may also be adjusted and then fixed by means 
of friction holds. 

STORAGE OF ‘“ANNOYING’’ GLASSWARE 
Perhaps no one who has ever taken a first course in 
organic chemistry has escaped the irritating procedure 
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= FIGURE 3.—GLASSWARE Rack: Top VIEW 

of having to remove half a dozen flasks in order to 

‘bl withdraw a particular distilling or Claisen flask whose 

mas side-tube seemed to have a remarkable propensity for 

aa getting tied up with all of the other equipment. A 

ay 





very simple solution of this problem has been obtained 
by using a horizontal rack made up of equally spaced 
bars of trapezoidal cross-section, with the small base 
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on top. Blocks of wood of mated cross-section rest be- 
tween the bars and are provided with holes or slots for ac- 
commodating flasks, funnels, and so forth. An arrange- 
ment using a pierced split-block is shown in Figure 2. 
Since the scheme does not require that flasks or bottles 
be inverted, they may be left stored or soaking with 
full contents. Moreover, since each piece may be re- 

































FIGURE 4.—GLASSWARE RACK: SIDE VIEW 


moved without removing its neighbors, the full rack 
area may be utilized. Figures 3 and 4 and the accom- 


TABLE 


CONTENTS OF RACK SHOWN IN FIGURES 3 AND 4 


funnels, ordinary, 8-cm. dia., 15-cm. stem 
funnel, large, 15-cm. dia., 14-cm. stem 
funnel, dropping, 100-cc 

funnel, dropping, 250-ce. 

funnel, separatory, 500-cc 

flask, Erlenmeyer, 250-cc 

flask, Erlenmeyer, 500-cc 

flask, filtering, 1000-cc. 

flask Claisen, 125-cc. 

flask, Claisen, 500-cc. 

flask, Claisen, 1000-cc. 

flasks, distilling, 125-cc. 

2 flasks, distilling, 500-cc. 

3 bottles, 750-cc. 

1 bottle, 300-cc 

1 vacuum desiccator, 8-inch dia. 


Se ee eee 


Front panel is 23!/2 inches high and 10 inches wide 


Length of rack is 22 inches. 


panying table give some idea of the space economy 
which may be affected by such an arrangement. 
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Lhe CHEMIST at WORK 


ROY I. GRADY anp JOHN W. CHITTUM 


The College of Wooster, Wooster, Ohio 


XXVIII. 


THE CHEMIST IN THE MANUFACTURE OF ACIDS 


H. M. COSTER 


Mr. Coster is Superintendent of Acid Plants, U. S. 
Naval Powder Factory at Indian Head, Maryland. His 
description of the work involved is followed by a brief bio- 
graphical outline, giving something of his experience and 
training. 

The work of the Superintendent of Acid Plants has been 
outlined quite formally as follows: 


Superintends operation of seventy-ton contact 
Sulfuric Acid Plant and thirty-five ton Nitric 
Acid Plant 

Supervises preparation of production accounts 
WOME RINSE 65.656 vhd > es 05 9, 6 otis aghes ors 

Supervises experimental and research work in 
plant process and control methods 

Total 


++ + + + + 


~O7 
°%70 


10% 
100% 


In this U. S. Naval Powder Factory both sulfuric 
and nitric acids are produced for use in the manufacture 
of smokeless powder and other explosives. 

The Sulfuric Acid Plant was built in 1918 and has 
been in almost constant operation since that time. The 
process uses the contact method in which the essential 
steps are as follows: 


Conversion of sulfur into sulfur dioxide. 
Oxidation of the sulfur dioxide by means of air 
(oxygen) in the presence of a catalyst. The 
product is sulfur trioxide. 

Absorption of sulfur trioxide in sulfuric acid to 
produce fuming acid (oleum). Automatic dilu- 
tion to maintain correct water balance. 


In this plant sulfur dioxide is obtained by burning 
free sulfur as the raw material. The catalyst used in 
the second step is platinum on magnesium sulfate. 
The product is fuming acid (oleum) of a strength which 
may be expressed as one hundred eleven per cent. 
(one hundred per cent. H2SO,) or 90.61 per cent. total 
sulfur trioxide. 

The Nitric Acid Plant now in operation uses the old 
process of sodium nitrate and sulfuric acid, but this 
will be replaced within the next fiscal year by a new and 
modern ammonia oxidization unit. The acid produced 
from sodium nitrate must be distilled before it can be 
used in the manufacture of smokeless powder. Fur- 
thermore, it is desirable to have the product quite con- 
centrated so that it can be used in building up or fortify- 
ing other acid which has been weakened (spent) during 


previous nitration of cotton. This phase of the process 
has raised a problem which will be mentioned later. 

As indicated above, the superintending of the opera- 
tion of the plants constitutes about eighty-five per cent, 
of the work of the writer. This work is largely of a 
routine nature and includes checking of plant perform. 
ance, layout of maintenance and repair work, purchas- 
ing of raw materials and repair parts, supervision and 
coérdination of personnel, development of plant policy 
and plant efficiency. 

The preparation of accounts and reports can be di- 
vided into: daily record of plant performance, raw 
materials used, acid mixed and shipped, monthly in- 
ventory of stock, of acid produced and plant yield, 
monthly report to Powder Expert of all plant data 
from which unit cost of production is calculated. 

Perhaps it is the last phase of the work (experimental 
and research work in process and control methods) 
which adds zest to the other duties of routine nature. 
One or two examples will suffice to illustrate this phase. 

Previous to 1928 it was necessary to make frequent 
analyses of the oleum product in order to properly con- 
trol the concentration. These analyses were costly and 
hazardous, for oleum is a dangerous product to handle, 
and even then they were not always accurate, due to 
the opportunity for loss in sampling. Therefore it 
was desirable to find, or develop, a method of analysis 
which avoided all (or most) of the difficulties in the 
older scheme. The successful solution of this problem 
has been described before! but will be outlined here. 

Earlier work had established the feasibility of deter- 
mining the concentrations of sulfuric acid samples by 
measuring the electrical resistance of the solutions, pro- 
vided that the concentrations fell between ninety-six 
and ninety-nine per cent. Therefore it seemed ad- 
visable to study the resistance of oleum (acid above one 
hundred per cent.) in the hope of using the information 
in the analysis of the samples from this plant. Ac 
cordingly, samples of different concentrations were 
obtained and their electrical resistance measured. 
When all of the data (both old and new) were plotted 
it was obvious that, while the resistance would not 
serve for analysis between ninety-nine and one hundred 
two per cent., the variation in the region of the one 
hundred seven—one hundred twelve per cent. was very 
satisfactory for such purpose. Since the oleum samples 


1 Coster, Ind. Eng. Chem., 23, 563 (1931). 
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requiring analysis in this plant have concentrations in 
this latter range the applicability of the method was 
established. 

As a result a resistance indicator was permanently 
mounted in each acid tank. Further refinements make 
the work practically free from any error due to tempera- 
ture fluctuations. A slight extension of the method 
makes it possible to determine the temperature of the 
acid without the use of long stem mercury thermom- 
eters. ‘By the new method the acid temperature 
and the strength are read in one operation. In addi- 






tion, should a continuous record of the changes in acid 
strengths ever possess any practical value, a recorder 
can be easily adapted to this system. 

“The increased safety to the men in handling so 
dangerous a product as oleum, as well as the saving in 
But these advan- 


the cost of analysis, is important. 
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tages are slight as compared with the value to the ab- 
sorption system, for it is only necessary to press a but- 
ton and read with ease and accuracy the changes which 
so vitally influence the absorption of sulfur trioxide.’’? 

In the Nitric Acid Plant, as mentioned above, the 
nitric acid concentration must not fall below a certain 
prescribed minimum. From any one charge of sodium 
nitrate only about three-fourths of the nitric acid first 
distilled is sufficiently strong to meet the standard. 
The rest requires further concentration before it, too, 
can be used. ‘‘In order to effect a separation of the 
strong and weak, a cut is made during the run which 
diverts the weak fraction into a different tank from that 
receiving the strong. Obviously, it is important that 
this cut be made at such a time as will secure the maxi- 
mum yield of strong acid.’’* The old practice, based 


? Caster, loc. cit. 
* Cosrrr, Ind. Eng. Chem., 25, 980 (1933). 
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on the time elapsed during the process, was quite in- 
efficient, resulting in a loss of strong acid and causing 
more material to be redistilled at an added and un- 
necessary expense. 

The utility of the electrical resistance process for 
analyzing oleum (as outlined above) suggested the 
prospect of developing a similar one for analyzing the 
nitric acid. In the investigation which followed, 
various samples of nitric acid were examined. Some 
samples contained oxides of nitrogen whose influence on 
both acidity and resistance was determined. When the 
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data were collected and examined it was found that an 
electrical resistance recorder, similar to that previously 
installed in the sulfuric acid tanks, would indicate the 
concentration of nitric acid (when it fell between certain 
limits) with greater speed, ease, and accuracy than any 
other known method and would indicate the exact 
moment when the distillation cuts should be made. 


+++ + + + 


Mr. Coster was asked about the qualifications for a 
chemist in the work he is doing. He replied with the 
following biographical outline: 

“With a degree in chemistry, a few months’ experi- 
ence as an instructor in chemistry, and one and one-half 
years’ experience in the laboratory of the Pennsylvania 
Railroad in Altoona, Pennsylvania, I passed the ex- 
amination for Third Class Chemist at the U. S. Naval 
Powder Factory, Indian Head, Maryland, and was 
given that position. At that time these examinations 
and appointments were a direct function of a special 
board at the Navy Yard, while today they belong 
entirely to the U. S. Civil Service Commission. 

“The work assigned was not difficult, involving only 
the analyses of raw materials used in acid and smokeless 
powder manufacture and the final products—acids, 
nitrocellulose and smokeless powder. Occasionally, 
other explosives and miscellaneous materials were in- 
cluded. Having a major in agricultural chemistry and 
experience in analyses of railroad materials, it was 
necessary for me to readjust myself to fit the new work 
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on explosives. The work could not be classified as 
dangerous or difficult. Visits to the Powder Factory 
taught the process and developed understanding in 
analysis. 

“In about three years, a vacancy in a Second Class 
position permitted promotion, In this new position, 
much of the routine work was absent, and, in its place, 
more special tests and experiments on old and new ex- 
plosives were conducted. Various other incidental 
tests added to the already interesting work. The work 
was not particularly difficult or dangerous, and capable 
supervision assumed much of the responsibility. 

“In the course of about another three years, a va 
cancy in the First Class again permitted promotion. 
In this position, experiments and research required 
most of the time. ‘Translations from the French and 
German added scope and interest to the work. I was 
thrown on my own responsibility and resources and 
given a chance to investigate. The work was not par 
ticularly dangerous, but required caution; it was 
deeply interesting. Capable heads again were always 
available for the more difficult problems. 
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‘Time was taken out to spend a year in the study of 
the manufacture of sulfuric and nitric acids under q 
very capable Superintendent of Acid Plants, 

“The war time expansion reduced the time for te. 
search work and permitted my duties to include the 
Pyro line (Smokeless Powder Factory) supervision, and 
also the supervision of all tests of explosives purchased 
by the Navy as well as all tests on secret war materials 
collected by the Intelligence Board. 

“Again a vacancy in the position of Superintendent of 
Acid Plants permitted promotion and ended the nine 
years’ experience in the Chemical Department. In the 
new position, the experience in the laboratory, the 
knowledge of the Smokeless Powder Factory and high 
explosive plants, also the year’s experience in the Acid 
Plants, supplied the background for the position. 

“Obviously, more engineering experience would have 
better rounded out ideal qualifications. However, 
with an excellent corps of plant operators and practical 
men and a little hard digging and long hours, this, too, 
was mastered sufficiently to enable us to continue 
satisfactory production without interruption.” 





XXIX. LIFE OF A CHEMIST DAY BY DAY 
A. R. NEES 


The writer of this article received both his undergraduate 
and graduate training at Indiana University. After a 
year as a teacher he entered the industrial field. For six 
years he was Research Chemist with the National Lead 
Company. In 1918 he became Research Chemist with the 
Great Western Sugar Company. Since 1928 he has been 
Superintendent of the Research Laboratory for this same 
company. 

Mr. Nees is a member of the American Chemical 
Society, the American Institute of Chemical Engineers, 
Alpha Chi Sigma, and Sigma Xt. His publications deal 
with sugar technology and related subjects. 
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In order to furnish a background for what will be said 
later, perhaps it would be well to give a brief description 
of the writer’s job and the organization with which he is 
connected. The writer is superintendent of the re- 
search laboratory of a beet sugar company. He has 
under his direction three senior chemists, one junior 
chemist, one mechanician, and one laboratory assistant. 
The work of the laboratory is exceptionally variable in 
character when one considers that the company is 
chiefly interested in producing a single commodity, 
granulated sugar. This is due partly to the fact that 


the research manager is not only administrative head of 
this laboratory but also of the Agricultural Experiment 
Station. A great deal of work of a chemical nature 
originating at the Experiment Station is diverted to this 
laboratory. Consequently, a variety of agricultural 
problems as well as those directly connected with the 
manufacture of sugar come to the Laboratory’s atten- 
tion. 

In an organization of this type it is necessary that 
about one-half of the superintendent's time be devoted 
to planning and supervising the laboratory work and 
to general office routine. The rest of his time is given 
to laboratory work, factory visits, and so forth. 

A considerable time is devoted to keeping in touch 
with current literature. From twelve to fifteen tech- 
nical journals come to the writer's attention each 
month. References to articles of special interest are 
noted so that they may be filed for future use. Any 
items of immediate concern are referred at once to other 
members of the staff who may be interested. Reports 
must be written and those of others must be read and 
necessary revisions suggested so that information at- 
quired by the laboratory may be passed on to those to 
whom it will be useful. 

Personal contact with those in charge of factory 
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ation is necessary in order to learn their problems, 
to assist in applying new knowledge, instigating new 
developments, or in ironing out difficulties in old proc- 
esses. For example, a new filter installation fails to 
live up to its promises. The writer is asked to investi- 
te. This means overalls, perspiration, and little 
sleep; eventually the filters run, no one knows exactly 
why. Another time a new and untried process is to be 
put on a production basis. Because this process is a 
child of the Research Laboratory, it requires the atten- 
tion of practically its entire staff. Gradually, after 
boiling down all of the suggestions of every one from the 
sweepers to the general superintendent, the process be- 
gins to emerge from a state of complete confusion and 
take on a semblance of orderly operation. In the course 
of time it gradually settles into the groove of regular 
routine and its sponsors turn to other things. There 
are many other instances of similar nature, without 
forgetting those which are successful only in adding to 
the variety of material to be found on the factory junk 
ile. 
? Now as to actual laboratory work. ‘The writer usu- 
ally selects as his own particular province two types of 
problems. First, those which are of pressing impor- 
tance but which require only a few days to obtain an 
answer; and, second, those of a more remote interest 
which can be carried on as time permits and the prog- 
ress of which cannot suffer too much from frequent 
interruption. 

As an example of the first class, recently a request was 
received for a quantity of the rare sugar, raffinose. The 
process for preparing this material has never progressed 
beyond the barrel and bucket phase of the laboratory 
scale. The demand does not warrant commercial pro- 
duction. The work of the other men could not be 
interrupted, so the writer with the assistance of the 
mechanic and laboratory boy proceeded to put labora- 
tory filter presses and evaporators into service, and to 
improvise crystallizers and drying equipment out of 
barrels, crocks, and whatever else came to hand. From 
achemical standpoint the job offered no particular diffi- 
culties since these details had been worked out long 
before. The principal task was to adapt the available 
equipment to the process so that it could be carried out 
easily and efficiently. Here is a point that young 
chemists should keep in mind, that it is usually neces- 
sary to adapt the equipment to the process rather than 
try to adapt the process to the equipment. Equipment 
is easier to modify than the laws of chemistry. 

Then there are such commonplace things as deter- 
mining whether a lot of special filter cloth is up to 
specifications or whether some grocer has not become a 
little confused as to the location of his sugar and salt 
bins; or whether a certain lot of sugar will meet the 
requirements of a particular candy manufacturer, and 
$0 on, ad infinitum. 
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There is also that ever-present, perennial problem of 
every chemist, the development and improvement 
of methods of analysis. For the most part this sort of 
work is delegated to some one else. But on occasion it 
becomes a personal job. This is particularly true of 
those jobs which are not immediately urgent and which 
may require a considerable incubation period. For 
example, it is desirable to be able to measure the color 
of granulated sugar and of sugar sirups and juices more 
accurately. This involves the study of the available 
types of colorimeters, their advantages and disadvan- 
tages, devising changes in design, changes which, more 
often than not, are not improvements. Closely related 
to this is the problem of measuring the turbidity of 
sirups. A satisfactory solution of neither problem has 
yet been obtained, progress is made from time to time 
and hope still prevails. 

Notwithstanding the fact that the granulated sugar 
one gets from the corner grocer is of a purity compar- 
able to the c.p. chemicals in the chemists’ laboratory, 
there is still room for improvement. The improvement 
of sugar quality has been and still is one of the writer’s 
pet diversions. It isa problem of wide scope, since it in- 
volves a study of the entire manufacturing process and 
the development of special methods of analysis for 
process control. It involves the development or 
adaptation of chemical, physical, and biological methods 
for evaluating sugar quality. It involves also such 
basic studies as the vapor pressure-temperature relation 
of saturated sugar solutions of various purities. Such 
data are necessary for determining the proper condi- 
tions of moisture and temperature to be maintained in 
storage bins so that the sugar will remain free-flowing. 
In fact, the study of all the factors which influence the 
properties of such a common and simple substance as 
granulated sugar touches practically every phase of 
chemistry and many phases of physics and engineering. 

The specific instances might be multiplied many 
times. Any chemist engaged in research work or in 
any phase of industrial chemistry will find, not the 
specific problems mentioned above, but plenty of prob- 
lems of the same type. There will always be operating 
problems which he can assist in ironing out; process 
improvements which he either initiates or helps to per- 
fect; the improvement of already existing products; 
the profitable utilization of factory wastes and a thou- 
sand and one things else. He will find that almost 
everything that he has ever learned anywhere will be of 
use to him sometime. One day he will need only such 
knowledge as may have stuck to him as he passed 
through the freshman lab, and the next he will wish to 
Heaven that he had not been so sure that the abstruse 
theorems of integral calculus would never be of any use 
to him. 
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XXX. CHEMISTRY IN THE DENTAL MANUFACTURING INDUSTRY 


O. T. ZIMMERMAN 


Mr. O. T. Zimmerman has written this article as an 
engineer with training and experience in the field indi- 
cated. Ile completed his undergraduate and graduate 
study at the University of Michigan and then became re- 
search chemist and chemical engineer with the Detroit 
Dental Manufacturing Company. For three years he was 
in the department of chemical engineering at the Uni- 
versity of North Dakota—two years as head of the Depart- 
ment. Leis now associate professor of chemical engineer- 
ing at the University of New Hampshire. 

Mr. Zimmerman is the author of publications on various 
topics including synthetic resins. He is a member of the 
American Chemical Society and the Society of Chemical 
Engineers. 

+++ + + + 


The supremacy of American dentistry is recognized 
throughout the world. In no other nation has the tech- 
nic of dental treatment and restoration reached the 
height of perfection that we, in this country, are ac- 
customed to. Our dentists deserve a great deal of 
credit for what they have accomplished, but we must 
remember that many of these accomplishments would 
have been impossible without the contributions of our 
chemists. A dentist needs more than knowledge and 
mechanical skill in order to do a good job; he also needs 
good tools and materials. For these tools and materials 
he must rely on the chemist who not only controls their 
manufacture but also carries out considerable of the 
research work that results in the developments of new 
and improved products. 

Not only has American dentistry achieved inter- 
national recognition, but the American dental supply 
industry has also attained its present enviable position 
where its products are used and respected by dentists in 
all parts of the world. But, in spite of the fact that 
most people are familiar with the common dental opera- 
tions, very few have any knowledge whatever about 
dental supplies—the materials used by the dentists in 
treating and repairing their teeth. Dentifrices and 
mouth washes do not come under this classification for 
they are essentially dental cosmetics, products of more 
or less doubtful value sold directly to the consuming 
public by means of intensive advertising. Dental sup- 
plies are not sold directly to the public but are sold to 
dentists who use them in the treatment of oral diseases 
and for making dental restorations. Such products 
include filling materials, artificial teeth, cements, ma- 
terials for making impressions of the teeth and mouth, 
plaster investments for making molds in which to cast 
gold, medicinal products and a variety of tools and 
equipment. From the point of view of a chemist 
considering dental manufacturing as a field for employ- 
ment, the difference between the manufacture of tooth 


pastes and dental supplies is very important. Tooth 
pastes and mouth washes are made in very large quanti. 
ties but dental filling materials and other related prod. 
ucts are made in very small quantities. Although q 
dentist might use several materials in preparing and 
filling a small cavity the amount of each that he uses jg 
very minute in quantity. The dental supply industry 
is thus an industry in which a large number of products 
are manufactured on a very small scale, while in the 
dental cosmetic industry a few products are manufac. 
tured on a very large scale. 

The great diversity of its products makes the manu. 
facture of dental supplies particularly attractive toa 
chemist who likes variety. It also appeals to the man 
who likes to be very exact in what he does, for the care 
and accuracy with which dental supplies are made is 
probably not exceeded in any other industry. This 
can be illustrated by taking as an example that common 
dental restoration—the gold inlay. At first glance this 
seems like a rather simple operation, for it is one that 
can be made with comparative ease by the average 
dental practitioner. The dentist takes a piece of war, 
softens it with heat, presses it into the prepared cavity, 
permits it to cool, carves the surface to the desired 
shape and thus obtains a model of the inlay he wishes to 
make. He them imbeds this wax pattern in a soft mix 
of a plaster investment and water, permits the plaster 
to set and then heats it in a gas or electric furnace to 
melt and burn the wax and to drive off water from the 
mold. Into this hot mould he forces molten gold by 
either compressed air or centrifugal force. After the 
gold solidifies he breaks the plaster away and has a gold 
inlay of the exact size and shape to fit the prepared 
cavity. Although this is a simple process, it would not 
be so simple if it were not for the fact that behind each 
step in the process lies chemical research and chemical 
control. 

Not just any wax can be used for taking the impres 
sion of the cavity, not just any plaster investment cal 
be used for preparing the mold, and not just any gold 
alloy can be used for the inlay itself. Every materia 
must be carefully manufactured and its physical proper 
ties must be controlled within very narrow limits. It 
must be remembered that gold solidifies at its melting 
point and shrinks appreciably in cooling down to mouth 
temperature. Obviously, if the plaster mold had the 
same size as the original wax pattern at the moment the 
gold was poured, the shrinkage of the gold would result 
in a casting much too small. Likewise the wax pattefl 
suffers contraction on cooling from mouth temperatutt, 
at which it is made, down to room temperature # 
which it is imbedded in the plaster investment. Iti 
thus quite apparent that if the gold casting is to fit the 
cavity exactly, the plaster investment must be so prt 
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ared that it will expand sufficiently to compensate 
exactly for the combined shrinkage of the wax and of 
the gold. 

Pure plaster of Paris is unsatisfactory because ther- 
mal expansion is more than overcome by the shrinkage 
that results from elimination of the combined water. 
It has the further disadvantage of not being porous 
enough to permit the ready escape of air when molten 
gold is forced into a mold of the material. Chemists 
were thus confronted with the problem of finding suit- 
able refractory materials to mix with the plaster binder 
so that the final product would have sufficient porosity 
and expansion. Ordinary silica or quartz has been the 
material most commonly used to incorporate with plas- 
ter, but it has a very low coefficient of thermal expan- 
sion. As a result of recent chemical research a crystal- 
line modification of silica known as cristobalite is now 
being used. This material is prepared by heating 
silica to a suitable temperature at which the hexagonal 
crystalline structure of quartz is changed to the cubic 
form of cristobalite, a material which has a considerably 
higher coefficient of expansion than quartz. An invest- 
ment prepared with the proper proportion of cristo- 
balite has enough expansion tc compensate entirely for 
the shrinkage of the gold and wax. 

In addition to sufficient expansion, dental invest- 
ments must have sufficient strength and a setting time 
which is neither too fast nor too slow. Greater strength 
has been achieved by calcining the gypsum under pres- 
sure while the time of set is controlled by the addition of 
minute quantities of inorganic salts. The quantity of 
water mixed with the investment is very important in 
determining the properties of the set mix. To keep the 
powder-water ratio always the same so as to have the 
same consistency of the wet mix it is necessary to select 
carefully the raw materials and to control closely the 
fineness of grinding. A very small increase in the fine- 
ness of grinding results in a very great increase in the 
amount of water necessary for proper mixing. 

It is the same with the inlay wax used for taking the 
impression of the cavity. Inlay waxes are made of 
natural and synthetic waxes and resins so compounded 
that the products will become plastic at a temperature 
only slightly above that of the mouth so that they can 
be adapted without discomfort to the patient; yet they 
must become hard and rigid at mouth temperature so 
that the wax models can be removed without distortion. 
It is essential that each batch that is prepared have the 
same coefficient of expansion as all previous batches; 
and it is equally essential that the wax burn completely 
from the mold without leaving even a trace of residue. 
As natural waxes and gums vary considerably in their 
physical properties it is not possible to work out a 
formula for an inlay wax and adhere to it too closely, for 
the formula must be modified every time a new batch 
of raw materials is used. This requires considerable 
skill and experience; a knowledge of chemistry is not 
sufficient. 

Although, in times past, dentists have been none too 
particular about the composition of the gold from which 


179 


they prepared inlays, the better dentists today realize 
that the composition of the gold is very important if a 
strong well-fitting inlay is to be cast. Pure gold is too 
soft for the purpose, so alloys are used. To insure the 
same contraction on cooling it is essential that the 
composition of the alloy be carefully controlled. 

This very sketchy account of some of the problems 
involved in the manufacture of dental materials is just 
one of the many examples that could be cited. Similar 
stories could be told for amalgams, anesthetics, anti- 
septics, artificial dentures, and cements. In every 
product the hand of the chemist can be seen, not once, 
but many times. It is doubtful if even the dentists 
themselves realize how carefully dental products are 
controlled. If the dentist wants to fill an anterior tooth 
with silicate cement, commonly called ‘‘synthetic porce- 
lain,”’ he takes a color chart and compares it with the 
color of the tooth so that he can select a cement of just 
the proper shade. He knows that when the cement 
sets its color will be exactly as represented whether the 
cement was made one year or the next. But he does 
not know how much testing was necessary before the 
manufacturer was satisfied that that particular sample 
of cement was exactly as it should be. When the 
dentist feels highly pleased with the quality of his 
amalgam filling work he probably does not stop to re- 
flect that the amalgam he uses is not just an alloy of 
silver and mercury but a carefully developed and manu- 
factured product designed to have just sufficient setting 
expansion to give a tightly fitting filling but not so much 
expansion that it will cause excessive strains in the 
tooth. 

It should be stated that not every manufacturer 
makes every different type of product; some specialize 
in filling materials such as amalgams, cements, and gold 
while others are primarily interested in porcelain teeth 
or plasters and investments. Still others concentrate 
on equipment such as dental chairs and instruments. 
Most manufacturers, however, do make a rather wide 
range which might vary all the way from medicinal 
products to electric furnaces and casting machines. 
The tendency is for an increase in the number of prod- 
ucts manufactured by each concern rather than a 
narrowing down of the list. Most dental products are 
not complete in themselves but form parts of a chain, 
each link of which is important. The preparation of a 
cavity for an amalgam filling requires a number of 
instruments each designed for a specific purpose. The 
mixing of the amalgam requires other tools, and still 
others are required for inserting the filling material and 
for smoothing and polishing it. The manufacturer of 
an amalgam knows that for best results his amalgam 
must be properly mixed, and it is natural that he should 
wish to design and manufacture the equipment to 
enable the dentist to obtain the best results. This can 
be further illustrated by the steps involved in the prep- 
aration of artificial dentures. Briefly, this involves: 
(1) taking an impression of the mouth with a material 
composed of resins and fillers, (2) making a hard plaster 
model using the impression as a pattern, (3) building up 
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The supremacy of American dentistry is recognized 
throughout the world. In no other nation has the tech- 
nic of dental treatment and restoration reached the 
height of perfection that we, in this country, are ac- 
customed to. Our dentists deserve a great deal of 
credit for what they have accomplished, but we must 
remember that many of these accomplishments would 
have been impossible without the contributions of our 
chemists. A dentist needs more than knowledge and 
mechanical skill in order to do a good job; he also needs 
good tools and materials. For these tools and materials 
he must rely on the chemist who not only controls their 
manufacture but also carries out considerable of the 
research work that results in the developments of new 
and improved products. 

Not only has American dentistry achieved inter- 
national recognition, but the American dental supply 
industry has also attained its present enviable position 
where its products are used and respected by dentists in 
all parts of the world. But, in spite of the fact that 
most people are familiar with the common dental opera- 
tions, very few have any knowledge whatever about 
dental supplies—the materials used by the dentists in 
treating and repairing their teeth. Dentifrices and 
mouth washes do not come under this classification for 
they are essentially dental cosmetics, products of more 
or less doubtful value sold directly to the consuming 
public by means of intensive advertising. Dental sup- 
plies are not sold directly to the public but are sold to 
dentists who use them in the treatment of oral diseases 
and for making dental restorations. Such products 
include filling materials, artificial teeth, cements, ma- 
terials for making impressions of the teeth and mouth, 
plaster investments for making molds in which to cast 
gold, medicinal products and a variety of tools and 
equipment. From the point of view of a chemist 
considering dental manufacturing as a field for employ- 
ment, the difference between the manufacture of tooth 


pastes and dental supplies is very important. Tooth 
pastes and mouth washes are made in very large quanti. 
ties but dental filling materials and other related prod. 
ucts are made in very small quantities. Although q 
dentist might use several materials in preparing and 
filling a small cavity the amount of each that he uses js 
very minute in quantity. The dental supply industry 
is thus an industry in which a large number of products 
are manufactured on a very small scale, while in the 
dental cosmetic industry a few products are manufac. 
tured on a very large scale. 

The great diversity of its products makes the man. 
facture of dental supplies particularly attractive toa 
chemist who likes variety. It also appeals to the man 
who likes to be very exact in what he does, for the care 
and accuracy with which dental supplies are made is 
probably not exceeded in any other industry. This 
can be illustrated by taking as an example that common 
dental restoration—the gold inlay. At first glance this 
seems like a rather simple operation, for it is one that 
can be made with comparative ease by the average 
dental practitioner. The dentist takes a piece of wax, 
softens it with heat, presses it into the prepared cavity, 
permits it to cool, carves the surface to the desired 
shape and thus obtains a model of the inlay he wishes to 
make. He them imbeds this wax pattern in a soft mix 
of a plaster investment and water, permits the plaster 
to set and then heats it in a gas or electric furnace to 
melt and burn the wax and to drive off water from the 
mold. Into this hot mould he forces molten gold by 
either compressed air or centrifugal force. After the 
gold solidifies he breaks the plaster away and has a gold 
inlay of the exact size and shape to fit the prepared 
cavity. Although this is a simple process, it would not 
be so simple if it were not for the fact that behind each 
step in the process lies chemical research and chemical 
control. 

Not just any wax can be used for taking the impres 
sion of the cavity, not just any plaster investment cat 
be used for preparing the mold, and not just any gold 
alloy can be used for the inlay itself. Every material 
must be carefully manufactured and its physical propet- 
ties must be controlled within very narrow limits. It 
must be remembered that gold solidifies at its melting 
point and shrinks appreciably in cooling down to mouth 
temperature. Obviously, if the plaster mold had the 
same size as the original wax pattern at the moment tht 
gold was poured, the shrinkage of the gold would result 
in a casting much too small. Likewise the wax pattetl 
suffers contraction on cooling from mouth temperatutt, 
at which it is made, down to room temperature 
which it is imbedded in the plaster investment. It’s 
thus quite apparent that if the gold casting is to fit tht 
cavity exactly, the plaster investment must be so pit 
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ared that it will expand sufficiently to compensate 
exactly for the combined shrinkage of the wax and of 
the gold. 

Pure plaster of Paris is unsatisfactory because ther- 
mal expansion is more than overcome by the shrinkage 
that results from elimination of the combined water. 
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ter, but it has a very low coefficient of thermal expan- 
sion. As a result of recent chemical research a crystal- 
line modification of silica known as cristobalite is now 
being used. This material is prepared by heating 
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ment prepared with the proper proportion of cristo- 
balite has enough expansion to compensate entirely for 
the shrinkage of the gold and wax. 

In addition to sufficient expansion, dental invest- 
ments must have sufficient strength and a setting time 
which is neither too fast nor too slow. Greater strength 
has been achieved by calcining the gypsum under pres- 
sure while the time of set is controlled by the addition of 
minute quantities of inorganic salts. The quantity of 
water mixed with the investment is very important in 
determining the properties of the set mix. To keep the 
powder-water ratio always the same so as to have the 
same consistency of the wet mix it is necessary to select 
carefully the raw materials and to control closely the 
fineness of grinding. A very small increase in the fine- 
ness of grinding results in a very great increase in the 
amount of water necessary for proper mixing. 

It is the same with the inlay wax used for taking the 
impression of the cavity. Inlay waxes are made of 
natural and synthetic waxes and resins so compounded 
that the products will become plastic at a temperature 































impres § only slightly above that of the mouth so that they can 
ent call § be adapted without discomfort to the patient; yet they 
1y gold must become hard and rigid at mouth temperature so 
rateria § that the wax models can be removed without distortion. 





It is essential that each batch that is prepared have the 
same coefficient of expansion as all previous batches; 
and it is equally essential that the wax burn completely 
from the mold without leaving even a trace of residue. 
As natural waxes and gums vary considerably in their 
physical properties it is not possible to work out a 
formula for an inlay wax and adhere to it too closely, for 
the formula must be modified every time a new batch 
of raw materials is used. This requires considerable 
skill and experience; a knowledge of chemistry is not 
sufficient. 

Although, in times past, dentists have been none too 
particular about the composition of the gold from which 
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they prepared inlays, the better dentists today realize 
that the composition of the gold is very important if a 
strong well-fitting inlay is tobe cast. Pure gold is too 
soft for the purpose, so alloys are used. To insure the 
same contraction on cooling it is essential that the 
composition of the alloy be carefully controlled. 

This very sketchy account of some of the problems 
involved in the manufacture of dental materials is just 
one of the many examples that could be cited. Similar 
stories could be told for amalgams, anesthetics, anti- 
septics, artificial dentures, and cements. In every 
product the hand of the chemist can be seen, not once, 
but many times. It is doubtful if even the dentists 
themselves realize how carefully dental products are 
controlled. If the dentist wants to fill an anterior tooth 
with silicate cement, commonly called “synthetic porce- 
lain,’ he takes a color chart and compares it with the 
color of the tooth so that he can select a cement of just 
the proper shade. He knows that when the cement 
sets its color will be exactly as represented whether the 
cement was made one year or the next. But he does 
not know how much testing was necessary before the 
manufacturer was satisfied that that particular sample 
of cement was exactly as it should be. When the 
dentist feels highly pleased with the quality of his 
amalgam filling work he probably does not stop to re- 
flect that the amalgam he uses is not just an alloy of 
silver and mercury but a carefully developed and manu- 
factured product designed to have just sufficient setting 
expansion to give a tightly fitting filling but not so much 
expansion that it will cause excessive strains in the 
tooth. 

It should be stated that not every manufacturer 
makes every different type of product; some specialize 
in filling materials such as amalgams, cements, and gold 
while others are primarily interested in porcelain teeth 
or plasters and investments. Still others concentrate 
on equipment such as dental chairs and instruments. 
Most manufacturers, however, do make a rather wide 
range which might vary all the way from medicinal 
products to electric furnaces and casting machines. 
The tendency is for an increase in the number of prod- 
ucts manufactured by each concern rather than a 
narrowing down of the list. Most dental products are 
not complete in themselves but form parts of a chain, 
each link of which is important. The preparation of a 
cavity for an amalgam filling requires a number of 
instruments each designed for a specific purpose. The 
mixing of the amalgam requires other tools, and still 
others are required for inserting the filling material and 
for smoothing and polishing it. The manufacturer of 
an amalgam knows that for best results his amalgam 
must be properly mixed, and it is natural that he should 
wish to design and manufacture the equipment to 
enable the dentist to obtain the best results. This can 
be further illustrated by the steps involved in the prep- 
aration of artificial dentures. Briefly, this involves: 
(1) taking an impression of the mouth with a material 
composed of resins and fillers, (2) making a hard plaster 
model using the impression as a pattern, (3) building up 
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the denture on the model by mounting teeth in un- 
vulcanized rubber, and (4) vulcanizing the rubber. 
Each step involves special materials and equipment and 
the quality of the final product depends on the accuracy 
with which each operation is carried out. To insure 
best results, the manufacturer of the dental rubber con- 
siders it desirable, if not essential, to supply the proper 
vulcanizing equipment and other accessory articles that 
are required in the preparation of the denture. 
Although it is obvious that a chemist in the dental 
supply industry must have a knowledge of various 
branches of chemistry, a knowledge of physics is equally 
essential, and a knowledge of bacteriology is at least 
desirable. In most dental materials, the physical prop- 
erties are of much greater importance than are the 
chemical properties. The chemical properties are 
usually important only as they affect the physical prop- 
erties. The chemist in dental manufacturing has 
charge of the necessary testing of the products and 
these tests include setting expansion, thermal expan- 
sion, plasticity, setting time, compressive and tensile 
strengths, melting point, solubility, and hardness. 
This necessitates a knowledge of mechanics, particu- 
larly that phase dealing with strengths of materials. 
Although the manufacture of dental materials in- 
volves all branches of chemistry it might seem strange 
that one man should be expected to be well versed in so 
many different fields. There are many other industries 
in which a variety of different products are manufac- 
tured but in which one man is expected to be able to 
handle only a small portion of the work. This is 
particularly true of the larger organizations. The 
dental manufacturing business does not come under this 
classification. Even though the total value of the 
goods made by a dental manufacturing plant might be 
very high, the size of the plant is not very great, and 
the number of employes is usually rather small. This 
is due to the fact that dental materials are used in very 
small quantities. A ton of dental cement will make a 
good many thousand fillings and a pound of inlay wax 
will serve for many impressions. The cost of the prod- 
ucts is high because they are made and sold in such 
small portions and because such careful control over 
quality is necessary. Although one concern might 
manufacture a hundred or more different products, very 
few of these will be in continuous production. At any 
one time there may be only five or six different products 
being manufactured. Production on any one product 
might last only for a few weeks or a month until suffi- 
cient stock is built up to last six months or a year and 
then another product will be tackled. For this reason, 
very few chemists to a plant are sufficient to take care of 
the manufacturing end and still to have time to conduct 
research. It is, therefore, more economical to have a 
few chemists with a broad knowledge than to have a 
large number of specialized chemists. It is true that 


men with all-around training and ability are not very 
plentiful, but those that are available are usually able to 
demand very satisfactory salaries. 

The fact that such men must not only be able to con- 
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trol production, but must also be able to develop ney 
products is an important factor in contributing to theiy 
scarcity. The dental manufacturing business, like 
every other, is highly competitive, and every many. 
facturer must constantly improve his products and add 
new products to his line if he is to remain in business, 
A manufacturer cannot afford to rest on his reputation, 
for he would probably lose his business to a more pro. 
gressive competitor. The situation is further compli. 
cated by improvements in dental technic that are 
rapidly resulting from research in dental schools and 
among private practitioners. Each new technic de. 
mands new materials, and the manufacturers must 
meet these demands. 

The present high qualifications for chemists in the 
dental manufacturing industry have not always been in 
demand. In fact, in the early days very few qualifica- 
tions were of much importance, because dentistry as we 
know it is of comparatively recent origin. The period 
of time that has elapsed since the days of the itinerant 
tooth puller has not been very great. The well 
trained dentist we know today is strictly a modem 
product. It has only been within the past several 
years that the training of dentists has been made con- 
parable with that of physicians. Today the require. 
ments for admission to dental schools are very exacting, 
but at the early part of the century the reverse was 
true. In these early days, the manufacture of dental 
supplies was a hit-or-miss proposition in the hands of 
untrained men. This was good enough for the crude 
dentistry then practiced, but it was not good enough as 
dentists became better trained. It was inevitable that 
the manufacture and development of dental materials 
should pass into the hands of well-trained chemists, and 
it is inevitable that the demand for well-trained men 
shall increase as dentistry continues to improve. 

How large this demand will become is difficult to say. 
The demand for dental products is limited by the 
needs of dentists and their demands are in turn deter- 
mined by the amount of dental work people can afford. 
It is doubtful if more than twenty-five per cent. of the 
people in this country ever go to a dentist, and even 
among the twenty-five per cent. who do go there are 
few who can afford all the dental work they should have 
done. This problem of extending the scope of dental 
services is, to a large extent, an economic and social one, 
although the discovery of cheaper methods of making 
dental restorations might help to solve it. When some 
way is found to make it possible for more people to bene- 
fit from modern dental knowledge the dental mant- 
facturing industry will expand in proportion and more 
and more properly qualified chemists will be found in 
this type of work. 

Although few men who enter college to study chemis 
try have even a remote idea as to what they will do 
when they graduate—and it is probably best that they 
have not—it is easy to outline a course of study which 
would best fit a man for dental manufacturing. In 
general, this program should include the fundamental 
courses in the various branches of chemistry that art 
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now found in the chemistry curriculum of any good 
school. It should also include sufficient engineering 
training to give him the necessary practical point of 
view, for, as in every other industry, the value of a man 
in dental manufacturing is measured in dollars and 
cents. He is hired to produce, and he must produce. 
It is no field for the impractical theorist, although every 
research man must have sufficient vision to be un- 
hampered by traditions of the past. His training 
should also include metallurgy and, preferably, some 
work in physiological chemistry, toxicology, and bac- 
teriology. Too frequently in the past, materials that 
were used in the mouth have had an undesirable effect 
on tissues. A knowledge of some of the above sciences 
which have been mentioned would help to avoid such 
occurrences, although the danger is not very great at 
the present time, for all reputable manufacturers see to 
it that all new products are tested by experts in dentis- 
try before being placed on the market. However, a 
man who does understand the reactions of tissues to 
various materials might avoid a considerable loss of 
time by being reasonably certain that the product he is 
developing will have no harmful action. 

A man with training such as outlined here would 
probably have little difficulty in finding a place in den- 
tal manufacturing. Even though the field is not very 
large there is always room for a man of outstanding 
ability and training. This does not mean that no one 
without a training such as this can find a job in dental 
manufacturing. This is certainly not the case, for it is 
doubtful if any man now in this industry ever had 
training in all the work outlined. In every profession 
the details pertaining to a given job must be learned 
after the man has the job. In much of the work he will 
encounter he will be forced to do this anyway, for he 
could never learn in college many of the things he will be 
called upon to do. The manufacture of an inlay wax 
by blending various natural and synthetic waxes and 
resins has been mentioned before. No amount of 
knowledge of the composition of waxes will help a man 
here. To blend them in the proper proportions to give 
a product with all of the required properties might seem 
like an almost hopeless task, yet a man with experience 
can do the job in a few hours or less. He will probably 
come very close on his first trial with no other informa- 
tion than the softening points of the ingredients and how 
they feel when pressed between the fingers. To the 
uninitiated this would probably seem like a very un- 
scientific approach to a problem, but it gets results, and 
results are the only things that count. 

Of more importance than thorough training in a 
variety of subjects is a liking for the various types of 
problems that arise. The man who likes to see prod- 
ucts controlled to a high degree of accuracy and likes to 
deal with a dozen different problems at the same time 
should get along very well. The man who does not 
appreciate fine control or cannot handle more than one 
problem at a time should seek some other employment. 

But of the qualifications that a chemist must possess 
for success in dental manufacturing there is one that is 
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very difficult for the modern chemist to appreciate. 
This is the ability to keep things to himself. In 
school he is taught the value of exchanging ideas and 
publishing the results of his investigations. In dental 
manufacturing—as in many other types of work—he 
finds that this is not the policy. Very frequently 
a slight change in the composition of a product or a 
modification of the manufacturing methods results in a 
vast improvement in properties. Usually such im- 
provements cannot be protected by patents and must 
therefore be kept secret if the discoverer is to retain his 
monopoly. There are many examples of dental ma- 
terials that are protected in this manner. Another— 
and more important—reason for secrecy is the desire to 
keep competitors from finding out what one is working 
on. The first manufacturer to come out with a new 
product has the jump on all others who may follow, 
even though the product is not protected by either a 
secret process or a patent, and anyone is free to make it. 
Therefore, it is very desirable that news of a new product 
does not leak out. Of course, any development that 
can be protected by a patent is covered in this manner, 
but such incidences are rare. To a large extent this 
matter of secrecy has been carried too far and is a 
remnant of the days before scientific knowledge had 
advanced to its present stage of development. A great 
deal of the research work carried out in connection with 
dental manufacturing could probably be published 
without harming one’s employer and might even react 
to his advantage. As more and more technical men are 
employed in this industry this picture will probably 
change. 

To a large extent the technic of dental restorations 
has practically developed as far as it can with the pres- 
ent available materials. What is needed more than 
anything else is the development of new materials. 
This need is recognized by every one connected with the 
dental profession, and every manufacturer is extending 
his research facilities to tackle this problem. 

In the early days of the gold filling, gold foil was 
hammered into the cavity piece by piece. Although the 
resulting filling was very satisfactory the operation was 
very painful and it required so much time that the cost 
was very high. The development of the gold inlay 
eliminated most of the pain connected with this older 
type of filling and cut down the time required for the 
operation. This, however, necessitated cements to 
hold the inlay in place and special zinc-oxyphosphate 
cements came into use. When people began to pay 
more attention to the appearance of their teeth, the gold 
filling fell into ill repute for use in the anterior part of 
the mouth. A new filling material was needed and 
chemists met this need with the so-called “synthetic 
porcelain” cement, a material which duplicated the 
exact color and translucency of the natural tooth. 
These materials have resulted in definite improvements 
in dentistry but neither gold, a:nalgam, or cements have 
properties that make them wholly desirable. It is true 
that gold is inert and has excellent wearing properties, 
but it is expensive and has an undesirably high heat 
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conductivity. Amalgam fillings are inexpensive but 
are not as durable as gold. All of the dental cements 
have serious shortcomings. Not only does their high 
solubility in oral fluids limit their lives but it frequently 
causes an opening between the filling and the walls of 
the cavity, permitting bacteria to enter and decay to 
progress. Furthermore, these cements are made with 
phosphoric acid and there is some evidence that the 
residual acidity has a detrimental effect on the pulp or 
nerve of the tooth. There is, therefore, a very great 
need for new and better dental materials. 

Synthetic plastics have replaced rubber to some ex- 
tent for artificial dentures. Such dentures have a much 
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more pleasing appearance and stand up better in the 
mouth. Water-proofing agents have been added t 
cements to reduce their solubility. There is even eyj. 
dence that stainless steel will be used in place of gold 
when methods have been developed to cast it with the 
exactness demanded in dentistry. Other, and much 
more radical, developments are gradually emerging 
from the laboratories of the dental industry. The dis. 
coveries of the past give us some indication of what we 
may expect in the future, but we know that many of 
these discoveries must wait until more well-qualified 
men apply their knowledge and abilities to the prob. 
lems that are of such vital importance to the health and 
happiness of everyone. 





CORRESPONDENCE 


SUGGESTIONS FOR THE JOURNAL 


To the Editor 


DEAR SIR: 


Due to the fact that I am one of the younger members 
of the teaching profession, I have often felt that my 
opinions would not be of enough importance to bother 
anybody else. However, since the JOURNAL OF CHEMI- 
CAL EDUCATION can be of great value to us younger 
teachers, may I, at your request, suggest a few changes 
for the JOURNAL which would help me. 

First of all, I do not entirely agree with the author of 
the letter published in the October issue. I agree with 
him that some changes could be made in order to be of 
more assistance to chemistry teachers. I disagree in 
that I feel he was still too general in his suggestions. 
The only concrete proposal that is made is that of in- 
cluding in a science journal articles on subjects from 
‘‘sociology to engineering.”’ If and when the JoURNAL 
OF CHEMICAL EDUCATION begins to include articles on 
sociology, psychology, or such subjects, I shall no longer 
be interested in the JOURNAL. Does this imply that I 
am interested only in chemistry? 

On the contrary, I am very vitally interested in the 
actual application of such subjects to actual everyday 
life. However, when I want information on those top- 
ics I prefer to read articles in magazines and books 
written expressly for those fields. I agree heartily 
with the writer of the letter, in that I feel that chemists 
in general, myself included, are quite deficient in the 
knowledge of how to integrate themselves with the 
community as a whole. I also agree that most of us 


need some education along these lines, but to ask the 
JOURNAL OF CHEMICAL EpUCATION to do in twelve 





issues a year a task which should have been and wasn't 
done during college years, is asking too much of any 
magazine. 

If I disagree with this author, what constructive sug- 
gestions have I tooffer? First, let me make my position 
clear. I am a teacher in a small Presbyterian liberal 
arts college, with a student body of five hundred, which 
has a very high scholastic rating. I feel that I was 
engaged not only for my ability as a chemistry teacher, 
but also as a personality which might be able to do as 
much constructive work outside of the classroom as in 
it. I chose this type of work because I preferred it to 
industrial work or even research and teaching in a uni- 
versity. Having chosen this work it means that my 
active participation and interest in research must be- 
come secondary if it exists at all. This being the case, 
I become somewhat lax in keeping up with the very 
latest researches in chemistry. In order, however, 
that my classes be kept up to date, I prefer to turn to 
some magazine, such as Chemical Reviews, which in one 
article gives me a complete history of the development 
of any particular subject. However, Chemical Reviews 
does not quite satisfy my needs since it is written by 
men interested primarily in research for men interested 
primarily in research. 

My suggestion is this. The JOURNAL OF CHEMICAL 
EDUCATION might include two or three articles of the 
Chemical Reviews type, on subjects directly applicable 
to chemistry teachers and the subjects they must teach. 
For example, such subjects as Theories and Examples of 
Catalysis, Modern Theories of Solutions, Acids and 
Bases, and so forth. I know that articles and evel 
monographs have been written on these subjects, but 
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they have not been written for the chemistry teacher. 
Could not the JOURNAL OF CHEMICAL EDUCATION in- 
clude articles of this type written expressly for chem- 
istry teachers and of such a degree of difficulty that they 
might be assigned to undergraduates with the knowl- 
edge that the student could understand and assimilate 
most of the information in the article? In these articles 
questions apt to be asked by students could be antici- 
pated and answered. For example, such questions as: 
What proof, which is understandable to freshmen, can 
be given for the existence of the hydronium ion rather 
than the hydrogen ion? In the case of catalysts, just 
what is the type of action of manganese dioxide as a 
catalyst in the experiment of obtaining oxygen from 
potassium chlorate? 
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I think the JOURNAL OF CHEMICAL EDUCATION is to 
be complimented on the excellent articles on chemical 
industries. Could not these also be continued in shorter 
form a little more often so as to keep our information of 
changes in chemical industrial processes up to date? 

My suggestions, therefore, are to include more articles 
of the review type on subjects directly applicable to 
high-school and college courses in chemistry which, as 
well as enabling us teachers to keep our courses up to 
date, also provide a good reference magazine for under- 
graduate students. 

C. D. Myers 


ParRK COLLEGE 
PARKVILLE, MISSOURI 





IN A recent paper' Bateman and Fernelius give the 
details of a lecture demonstration of a negative tem- 
perature coefficient of solubility. They recommend 
cerous sulfate, Ces(SO,)3, the solubility of which de- 
creases from 19.09 g. per 100 g. water at 0° to 0.78 g. 
per 100 g. water at 100°. This twenty-five fold de- 
crease in solubility gives a considerable precipitation 
of crystals when the tube of solution is heated in boil- 
ing water. 

A consideration of the system manganous sulfate— 
water (see the figure) shows that it has a number of 
advantages in demonstrating solubility relationships. 
Both positive (normal) and negative (inverted) solu- 
bility relationships and transition points may be demon- 
strated by means of this system. A solution is satu- 
rated with manganese sulfate at 27°C. It is desirable 
to add a small amount of sulfuric acid, as 0.5 per cent., 
to insure that basic salts cannot be formed. The clear 
solution is decanted from the excess salt and sealed in 
a tube as shown by Bateman and Fernelius. 

The demonstration may be carried out in a number of 
ways. Probably the best is to show the class the clear 
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solution at 27°C. and then immerse the solution in an 
ice-salt mixture. In a short time large pink crystals of 
MnSO;7H:,0 will appear in the liquid to fill the 
bottom uf the tube. The tube may then be heated up, 
the crystals will melt, and the solution become clear 
again. Continued heating in boiling water will cause 
the appearance of small white crystals of MnSO,-H,O 


‘ which will slowly settle out and fill the bottom of the 


tube. The crystals will slowly dissolve when the solu- 
tion is again cooled, and a clear solution will be formed. 
To carry out the demonstration in a shorter time the 
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DEMONSTRATION OF AN INVERTED SOLUBILITY CURVE 
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University of Washington, Seattle, Washington 


tube may be placed in an ice-salt mixture before the 
demonstration, which then starts by heating the tube 
to give first a clear solution and then the white pre- 
cipitate. 

The precipitation from manganous sulfate solution 
may be compared with that from cerous sulfate solu- 
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tion. Using 50 g. of saturated solution the cerous 
sulfate will precipitate 7.65 g. Ce2(SO.)3 when heated 
from 0° to 100°C. Using 50 g. manganous sulfate 
solution saturated at 27°, 10.5 g. MnSO,-H2O precipi- 
tate out when the solution is heated to 100°C. When 
cooled from 27° to —10°, 16.35 g. of MnSO,7H,O 
crystallize out. The advantage is thus seen to lie with 
the manganous sulfate, especially as equal volumes of 
the two solutions contain relatively more manganous 
sulfate because of its greater density. 





The 1937-1938 COLLEGE CHEMISTRY 
TESTING PROGRAM 


RUFUS D. REED 


State Teachers College, Montclair, New Jersey 


HIS third annual report of the Testing Committee vides a rough indication of the agreement of the 
of the Division of Chemical Education deals with percentile standings of these institutions in the succes. 
the results obtained from the American Council on 
Education Coéperative Chemistry Test of 1938. The TABLE 1 
test was prepared jointly by the Codperative Test Cuemistry PERCENTILE TABLES 
Service and the American Chemical Society through the These percentiles are based on returns from all colleges whose report sheets 
Division of Chemical Education. The eight members "Sy ee pepe la hol the scores at or below which fall the per. 
of the committee from the Division of Chemical Edu- centage of the cases indicated in the columns at the extreme right and left 
of the page. For example, the bottom entry in the Total column shows that 


cation had the help of twenty-three collaborators in a score of 17 or below was made by one per cent. of the students included, 
Or, in other words, the lowest one per cent. of Elementary Chemistry students 











colleges in all parts of the country. . ois achieve total scores of 17 or less, the second lowest one per cent. achieve 

But one test was prepared. This test was divided _ scores from 18 to 21, and the highest one per cent. achieve scores above 164 
into three parts: I. Information and Vocabulary; sapremntion Pee siniaied 

. . . crenttjic 
II. Problems and Equations; and III. Scientific bul . o Siete method Total 
Method. One section of the latter involved prediction _ _ o- es 4 = “ae = 
. . . 0.0 Oo es 

of possible results of an experiment with reasons or Mean 38.8 17.2 17.9 73.9 
explanations for the prediction; the other section was ‘Sigma "9 = = * 
an interpretation of experimental results. The data Percentile Raw Scores Percentile 
in this paper is based upon 9542 cases reported from one ” vd bs 4 = . = 
hundred forty-nine colleges which were received prior 98 71 48 43 152 98 
to July Ist. A total of 20,100 copies were distributed = ° = ° i - 
to two hundred seventy-five colleges. 95 65 41 38 133 95 

In the report of the preceding year! 9504 cases from 04 63 39 37 129 04 
one hundred sixty-two colleges were reported. The 1937 93 62 38 36 126 98 
test differed from the 1938 test in that sections on = os 36 34 120 91 
Familiarity with Symbols and Formulas, and on Valence 90 59 34 33 118 90 
of Elements and Radicals were omitted from the 1938 88 57 32 31 113 88 
test 86 55 31 30 109 86 

‘ : ; ? 84 54 29 29 106 

In Table 1 are given the national percentiles.* Be- 82 53 28 28 108 82 
cause of differences in arrangement of parts it is not pos- sad “ al * _ - 
sible to compare the two tests part by part. However, 75 49 35 = 4 i 
the Total Mean Score in 1937 was 94.9 with a sigma of = = 20 21 83 65 
32.6 while in 1938 the Total Mean Score was 73.9 with > 2 2 = ba ° 
a sigma of 32.3. The highest score made by any student 
in 1937 was 191 out of a possible 203 and in 1938 it 50 38 15 17 70 oO 
was 211 out of 226. In 1937 the 1 percentile was 29 as 45 36 14 15 66 45 
compared to 17 for the 1938 test. Table 2 shows the . o = pe po = 
correlation of scores on the two tests in fifty-eight col- 30 30 9 11 54 30 
leges in which the codperative tests were given in both ” ” . “i ni 
years. The correlation of these percentile means pro- 4 . : 8 bs * 

1 PHELAN, E. A., “The 1936-1937 i chemistry testing 16 24 : = - 
program,” J. Cuem. Epuc., 14, 586-90 (1937). = ‘ 5 37 12 

* Some of the cases who were included in the table for the 
norms had used the test with answer sheets (for use with the grad- 10 20 2 35 10 
ing machine. Probably they would have made higher scores if 9 19 4 34 9 
they had put their answers in the test booklet. A check indi- 8 1 32 
cated that the removal of this group from consideration in 7 18 3 31 7 
the norms would have no appreciable effect on the norms. The 6 17 29 6 
nosgns can be considered as representative of those institutions Pt 16 2 28 5 
which used the test without answer sheets. The institutions which 4 15 0 26 4 
used the answer sheets, since they have about the same average 3 14 1 24 3 
raw score as the other group, probably represent a somewhat 2 12 21 2 
more able group. 1 10 17 1 
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The correlation coefficient obtained was 
0.78 which indicates that although departmental stand- 
ings do fluctuate within certain limits depending on the 
quality of students and specific conditions in a par- 
ticular year this fluctuation is confined to a fairly nar- 
row range between these two successive years. 


sive years. 


TABLE 2 
CORRELATION OF SCORES ON 1937 TEST AND 1938 Test IN THE SAME 
COLLEGES 
1937 1938 
Sigma 17.5928 17.9958 
Percentile mean 56.1552 53.3621 
Raw score 98 73 
Reliability coefficient 0.78 
Number of colleges 58 


The data in these tables also indicate that, on the 
assumption that these pupils in 1938 were equivalent in 
preparation, background, and ability to those in 1937, 
the 1938 test was definitely harder than the 1937 test. 


VARIABILITY OF ACHIEVEMENT 


Figure 1 shows the variation of achievement as meas- 
ured by total scores in 15 coeducational liberal arts 
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FicuRE 1.—VARIABILITY OF ACHIEVEMENT AS MEASURED BY 
TOTAL SCORE 


The middle horizontal line represents the national median, the 
upper the 84th percentile and the lower the 16th percentile. 
The wide portion of each bar represents the range of scores of the 
middle half of each college. The narrow parts extend to the 
l6th and 84th percentile in each college. The lines extend to the 
10th and 90th percentile. The crosses below the bars represent 
the lowest scores and those above, the highest scores in the 
several colleges. The short cross line at the middle of each bar 
tepresents the median score of the college. 


colleges. The variation is similar to that shown in the 
previous study.2 The best student in college #14 
would be in the lowest ten per cent. in college #235, 
while the poorest student in college #235 would be in 
the upper ten per cent. in college #14. 

Table 3 shows the distribution of college averages 
of one hundred thirty-four colleges. Fifteen other col- 
leges reporting were not included in this study because 
of fewer than ten cases or because they offered chem- 
istry for a half year or for two years. The spread of 


*PHELAN, E. A., ‘The 1936-1937 college chemistry testing 
Program,” J. CueM. Epuc., 14, 537 (May, 1937). 








185 





distribution on part one is greater than on part two. 


TABLE 3 
DISTRIBUTION OF COLLEGE AVERAGES 
Percentile Part 1 Part 2 Part 3 Total 
98-100 
96-97 
94-95 1 1 
92-93 1 1 
88-91 1 1 3 3 
84-87 4 2 3 
79-83 2 7 4 5 
73-78 10 8 6 6 
66-72 10 15 15 11 
58-65 24 23 21 23 
50-57 23 29 25 27 
42-49 16 15 20 12 
34-41 15 17 18 17 
27-33 14 12 10 11 
21-26 7 6 4 7 
16-20 + 5 4 
12-15 1 4 
8-11 1 1 
6-7 
4-5 
2-3 
1- 
Number 134 134 134 134 
TABLE 4 
Type or COLLEGE AND DISTRIBUTION OF F.Aw SCORES 
Coeduca- 
Men’s Women’s tional Teach- Agricul- Engi- Junior 
Liberal Liberal Liberal er’s tural neering col- 
Arts Arts Aris college college college lege 
No. 
cases 1023 780 3771 336 695 1522 1358 
Percentile 
100 192 208 211 167 149 197 188 
98 158 150 153 130 123 158 148 
93 129 120 128 107 98 130 122 
90 121 109 121 102 91 122 115 
84 110 96 109 39 79 112 103 
80 105 90 103 85 74 107 99 
75 98 83 97 78 68 100 93 
70 92 78 91 72 63 95 87 
60 85 67 81 64 55 86 78 
50 77 60 73 56 48 80 69 
40 69 53 65 47 40 72 62 
30 61 45 57 43 35 66 54 
25 58 42 53 39 32 62 50 
20 53 38 48 37 29 58 46 
16 50 35 45 34 27 55 41 
10 43 29 38 29 22 49 35 
7 39 26 34 26 20 tt 32 
3 30 21 27 18 15 38 25 
1 22 15 20 14 12 29 19 


ACHIEVEMENT BY STUDENTS IN DIFFERENT TYPES OF 


COLLEGES 


Table 4 shows the variation in distribution of raw 
scores in various types of colleges. A study of the 
fiftieth percentiles indicated that the mean raw score 
for students of engineering colleges was highest. The 
mean raw score for students in agricultural colleges 
was lowest. A comparison of the mean raw scores 
shown in this table with the mean raw scores and percen- 
tiles for all students as shown in table one indicated: 
the mean raw scores of students in engineering colleges 
exceeded that of sixty per cent. of all students and was 
practically one sigma higher than the mean raw score 
of students in agricultural colleges. There is evidently 
quite a difference in emphasis upon aims in these two 
types of colleges. In men’s liberal arts colleges the 
mean raw score was but three points lower than that 
of the engineering colleges. The mean raw score for 
coeducational liberal arts colleges was third in rank. 





TABLE 5* 

INTERCORRELATION BETWEEN PARTS AND ToTAL Scores ror GROUP 
Sigma Part il Pari 2 Part 3 Total 
Sigma 14.8960 11.2737 11.2607 31.4491 
Mean 40.5122 16.3710 17.3013 74.1846 

1.0 0.4995 0.6474 0.8845 
2.0 0.5053 0.7760 
3.0 0.8458 
N = 531 


* This table includes only cases for which all part scores are reported. Cases 
from four colleges. The correlation of Part 2 with Part 1 is 0.4995; the cor- 
relation of Part 3 with Part 2 is 0.5053; and so forth. 


PROFESSIONAL GOALS 


In Figure 2 are plotted the average percentile ratings 
for seven professional groups. Care must be exercised 
in interpreting these data. As a result of all factors 
of training, interest, experience, heredity, and so forth, 
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FIGURE 2.—VARIABILITY AMONG DIFFERENT VOCATIONAL GROUPS 
Group Number 
College Teaching 289 
Engineering 2986 
Medicine 1494 
Secondary Teaching 387 
Agriculture 363 
Home Economics 539 
Business 404 


the average student preparing to teach in college does 
better on this test than the average student preparing 
for any other profession considered in this study. 
Apparently the average students preparing for home 
economics work or for business do poorly on this test 
as compared to those preparing for college teaching and 
engineering. 


INTERCORRELATION BETWEEN PARTS AND TOTAL SCORES 


Table 5 shows the intercorrelation between parts and 
total scores for students from four colleges. It includes 
only cases for which all part scores are reported. This 
table indicates that Part 2 of the test—problems and 
equations—correlated very poorly with other parts of 
the test. This means that Part 2 does not measure the 
same thing as the other parts. The correlation be- 
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tween Parts 1 and 3 is a little higher. 


However, the 
intercorrelation between Part 1 and the total score ang 
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FiGurE 3.—EFFEcT OF HIGH-SCHOOL CHEMISTRY 
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between Part 3 and the total score is much higher. 
The mean score for Parts 2 and 3 are low, and the sigma 
is comparatively high. 


TABLE 6 
Errect oF HiGH-ScHOOL CHEMISTRY 
Averages 
Raw Scores Percentiles 
No With one No With one 
high-school year of high-school year of 
chemistry chemistry chemistry chemisiry 
Part 1 34.16 42.22 41 62 
Part 2 13.70 19.23 46 63 
Part 3 14.49 19.51 43 60 
Number of cases 2453 5462 
TABLE 7 
MEN vs. WOMEN 
Averages 
Raw Scores Percentiles 
Men Women Men Women 
Part 1 40.00 34.72 56 42 
Part 2 18.12 14.25 59 47 
Part 3 18.60 15.40 57 46 
Number of cases 7035 2256 


EFFECT OF HIGH-SCHOOL CHEMISTRY 


Figure 3 shows the difference in average percentile 
scores is sufficiently great to indicate with certainty 
that students with preparation in high-school chemis- 
try will do better, on the whole, on this test than 
those who have no such previous preparation. Table 
§ indicates that the average pupil with high-school 
chemistry achieved more on every part of the test. 
A comparison of these data to the corresponding data 
obtained last year* shows almost identical differences. 


MEN VS. WOMEN 


Figure 4 indicates that the men who took the test 
averaged on the test as a whole about seventeen per- 
centile points better than the women. Table 7 indi- 
cates that the men excelled the women on all parts of 
the test. Approximately the same differences were 
shown on the test of the previous year.* 


RELATION OF MEAN RAW SCORES AND PERCENTILES TO 
LENGTH OF COURSE AND HOURS OF CREDIT 


The data in Table 8 indicate that students who have 
had general college chemistry for two semesters with 


TABLE 8 


RELATION OF MEAN Raw SCORES AND PERCENTILE TO LENGTH OF COURSE 
AND Hours oF CREDIT 


Paril Part 2 Part 3 Total 

Per- Per- Per- Per- 

Length of Hrs. Fre- Raw cen- Raw cen- Raw cen- Raw cen- 
course credit quency score tile score tile score tile score tile 
Half year 4 872 28.31 26 10.66 35 12.77 37 651.75 27 
‘semesters 3 1394 36.82 48 15.92 53 16.46 50 69.21 49 
2 semesters 4 4870 39.86 55 18.19 59 18.63 58 76.68 58 
«semesters 5 1760 41.61 60 18.18 59 18.96 59 78.75 61 


five hours credit do better than the other groups 
studied. However, the increase in achievement over 


— 


‘PHELAN, E. A., ‘““The 1936-1937 college chemistry testing pro- 
vam,” J. CHEM. Epuc., 14, 589 (Dec., 1937). 
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FIGURE 4—MEN vs. WOMEN 














that of pupils having chemistry two semesters with 
four hours credit is small. Those students who had 
chemistry for one-half a year with four hours credit 
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achieved much less than any group studied. Based 
upon the data obtained in this study, general college 
chemistry is most frequently offered for two semesters 
and receives four hours credit per semester. 


TABLE 9 


RELATION OF MEAN RAw SCORES AND PERCENTILE TO Hours oF LECTURE 
OR RECITATION 
Hours 


of lec- 

ture Part 1 Part 2 Part 3 Total 
or Per- Per- Per- Per- 

reci- Fre- Raw cen- Raw cen- Raw <cen- Raw _ cen- 

lation quency score tile score tile score tile score tile 
2 1633 36.97 48 16.02 53 16.94 52 69.93 50 
3 5584 40.61 57 17.95 59 18.97 59 77.53 59 
4 699 40.57 57 20.02 65 17.31 53 77.61 # 659 
5 290 43.97 66 21.91 70 21.08 65 86.96 69 


RELATION OF MEAN RAW SCORES AND PERCENTILES TO 
HOURS OF LECTURE AND RECITATION 


In Table 9 the means stated as percentiles are all 
above the corresponding national medians because (1) 
1300 cases that did not report hours have mean scores 
below the national means, and (2) all distributions are 
negatively skewed, thus making the means stated in 
percentiles higher. This explanation also applies to 
Table 8. The data in Table 9 indicate that pupils 
having three hours of lecture or recitation per week 
achieve better on the test than pupils who have but 
two hours per week. Students having four hours of 
recitation or lecture did no better than those who had 
three hours. However, the number of cases in this 
group is comparatively small. Upon consideration of 
the data given in this study, it seems that in most col- 
leges the chemistry classes meet three times a week for 
lecture or recitation. 


CRITICISMS OF THE TEST 


Several teachers who gave the test were thoughtful 
enough to submit comments about it. It would be 
helpful in constructing future tests if a space was pro- 
vided on the report sheet for each teacher to submit 
comments and suggestions at the time he assembled 
the data, to be returned to the Codperative Test Serv- 
ice. Probably far more care has been exercised in 
constructing the Codperative Tests than is taken by a 
professor in any college. The questions have been 
constructed by experts and have been reviewed by a 
number of professors of chemistry from different col- 
leges. Yet, despite this care, errors and ambiguous 
statements may be found. Questions on debatable 
topics may be included. Statements which are ac- 
ceptable in every way to reviewers may be objection- 
able to an authority who has had rich experience in the 
specialized field of chemistry on which the question has 
been based. 

By far the most frequent criticism was on the amount 
of time allotted for completion of the test as a whole 
and upon the various parts of the test. A few com- 
ments were, ‘‘Bright, quick students who have not ex- 
erted themselves overmuch in studying chemistry were 
able to elevate their relative ratings in comparison with 
more thorough but slower students, because the latter 
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were unable to finish in the allotted time... .., The 
self-discipline acquired by the slower type of student 
is a greater factor in future success than the ‘natural’ 
brightness of the brilliant or near-brilliant loafer; anq 
should be recognized in ratings.’”” Another comment: 
“T have a feeling that Part III, and particularly se. 
tion 2 is entirely too long for the allotted time. ..., It 
seems to me that the scientific method does not call for 
such rapid and hasty conclusions as must of necessity 
be made if one is to cover the work in section 2 and even 
in section 1 (both in Part III).”’ Still another, ‘If one 
purpose of the test is to determine a student’s ability 
to be quick on the trigger and undoubtedly this is one 
purpose, it seems to me that one section should be 
devoted particularly to some special confusing ques. 
tions and problems.” A fourth user comments, “The 
time allowed of twenty minutes (Part II, Section 1) is 
too short... (Part II, Section 2) This section is too 
long for the time allotted... (Part III, Section 1) The 
twenty-five minutes are required to read it, allowing no 
time to think about it.” Many studies which have been 
reported on this problem indicate that in such tests as 
these additional time would tend to raise test scores 
made in the limited time by an amount proportional 
to the score made in the limited time. Thus for all 
but a few students the provision of additional time 
would have little effect on relative standing within the 
particular group. 

There was very little objection to or criticism of Part]. 
It was pointed out that a student might have madea 
good score on Section 1 of Part I by marking all choices 
correct. The time allotted for Part II was the most 
serious objection. Other objections to this section 
were: giving some but not all the molecular weights, 
and not placing the most active metal first in the elec- 
trical couple (question 49). The objections to Section 
2 of this part were more serious. The equations were 
too difficult, and there were no simple or common ones 
at the beginning to give the students a feeling that they 
could solve at least some of the equations. In some 
cases the correct choice depended upon whether one 
wrote a molecular or ionic equation. In colleges where 
ionic equations were used more than molecular equa- 
tions this was a handicap. Some teachers felt that 
the problems and equations should have been tabulated 
separately. This would probably have shown the 
equations to be the cause of the poor correlation of 
this part with the other parts. In Part III most ob- 
jections were made against Section 1. The experiments 
chosen were criticized as being too hard and poorly ar- 
ranged so that the hard ones came first. The second 
section was judged to be much superior to the first. 
It should be noted that there were many favorable 
comments. * 


* In the 1939 form which is now available, the several defects 
noted in the 1938 form have been remedied. The time limits are 
more equitable, there being less material included in the parts on 
information, problems, and equations, and more time allotted to 
the application of principles and the interpretation of experimental 
data. The equations have been simplified and more commoi 
reactions used. The simpler and easier questions occur first, hence 
encouraging the student rather than baffling him. 
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POSSIBLE USES OF TEST RESULTS 


Because of small numbers in classes a teacher may be 
mistaken in his rating of individual pupils or of the whole 
dass. Individual students in colleges with inferior 
student bodies and poor facilities may be outstanding 
in chemistry or other subjects. A student who is out- 
standing in his college class may, when compared to 
large numbers of students, be only average. The 
poorest student in a given class may have achieved as 
much as the average student in most colleges. While 
ability to achieve on any given test is only one of sev- 
eral factors to be considered in advising an individual 
concerning his future work, it is a factor which may be 
measured objectively. Utilization of one of the forms 
of the Codperative Chemistry Tests will enable such a 
measure to be secured. Undoubtedly, advances in the 
field of chemistry will be made by the superior students 
in chemistry. These prospective workers in the field 
should be discovered and encouraged to take advanced 
work in chemistry. This is recognized by the Physics 
Committee as a very important aim for the physics 
tests. On the other hand, students who are not able 
to do average work in chemistry should be discovered 
and as soon as feasible aided in choosing work for which 
their background and inheritance has fitted them. 

The data of this test and previous tests indicate that 
all groups do not succeed equally well in mastering the 
material tested. Poor results should not condemn the 
college or teacher. The study of O. M. Smith® in- 
dicated that the following were accepted aims. 

“TI. A study of chemistry should provide the in- 
dividual with a broad and genuine appreciation and 
understanding of the chemical aspects of the universe; 

of the place of chemistry among the sciences; and of 
what the developments in chemistry mean in modern 
social and industrial life (good citizenship). 

“II. A study of chemistry should provide an op- 
portunity for the acquisition: of experiences in the use 
and the knowledge of the scientific method of think- 
ing, using chemical problems; of a knowledge of natu- 
ral laws, important principles, and facts; of the ability 
to draw generalizations from specific experimental data 
and to apply important principles; and of some skill in 
laboratory manipulation. 

“III. A study of chemistry should provide an op- 
portunity for the individual to determine his interests 
and aptitudes in chemistry as a vocation.” 

This test attempts to measure only aims listed in 
section two. A criticism of Codperative Tests has been 
that it tended to crystallize the course and destroy 
initiative. It is rather difficult to see why tests covering 
but a portion of the accepted aims of a college course 
determine the whole content. For all who expect to 
utilize general college chemistry as a tool the aims as 
stated in section two are fundamental. For occupa- 





‘ COMMITTEE ON TESTS OF THE AMERICAN ASSOCIATION OF 
Puysics TEACHERS, ‘‘Where are superior physics students 
found,” Am. Physics Teacher, 6, 1-14 (Apr., 1938). 

5 Smirn, O. M., “‘Accepted objectives in the teaching of gen- 
eral college chemistry,” J. CHEM. Epuc.,-12, 180-3 (1935). 
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tions not utilizing chemistry as a tool the aims in sec- 
tions one and three may be of relatively greater impor- 


tance. In colleges whose function it is to prepare for 
such occupations the chemistry course should be modi- 
fied. The interests and inheritance of the students may 
make the command of these fundamentals almost an 
impossibility. But if these aims are important the test 
affords the teacher a means of comparing the students 
in his class with large numbers of students in many col- 
leges. 

The test should NOT be considered as a whole meas- 
ure of a student’s attainment in chemistry but should 
be supplemented by tests covering the other aims of 
general college chemistry. This and other difficulties 
have been pointed out by Brown.® Tyler, under whose 
direction the Codperative Chemistry Tests were pre- 
pared, recognized this problem and advocated’ “... a 
comprehensive examination program of a series of tests 
measuring the objectives considered important.”’ 

Pupils may embark upon a given pattern of prepara- 
tion for a profession and after a year’s endeavor con- 
clude that they are fitted for and prefer a different pro- 
fession. This necessitates a transfer of credits. Ac- 
ceptance or evaluation of credits for advanced standing 
by a central office frequently depends upon an arbi- 
trary rating of a college. This may neglect individual 
proficiency in a given subject. The use of a codpera- 
tive test would quickly indicate whether the individual 
was fitted to receive credit in the new college. This is 
one of the several advantages listed for the Codperative 
Physics Test by Palmer.® 

Use of the codperative tests in other subjects on 
high-school students has indicated that some high- 
school pupils achieve more than the average college 
student. The use of this test would enable a teacher 
to select students who might be given a modified course 
or who might be excused from the general college 
chemistry course. 

CONCLUSIONS 


This year 20,100 chemistry tests were distributed to 
two hundred seventy-five colleges. One hundred forty- 
nine colleges reported 9542 cases in time to be tabu- 
lated for inclusion in this paper. Norms are included 
so that any paper or any part of a paper may be com- 
pared to the national averages. 

To a limited extent, these results can be used to in- 
dicate differences in achievement (1) at different schools, 
(2) in institutions of different types, (3) among dif- 
ferent vocational groups, (4) with, or without, high- 
school chemistry, (5) by men and women, (6) with the 
length of course and hours of credit, and (7) with vary- 
ing amount of lecture and recitation. Intercorrelation 
between the parts and the total scores indicate the 
difficulty of the parts. 





6 Brown, F. E., “Difficulties in the application of uniform 
tests in chemistry,” zbid., 14, 166-8 (1937). 

7 Tver, R. W., ‘‘The significance of a comprehensive testing 
program,” zbid., 14, 158-60 (1937). 

8 PaLMER, F., JR., ““The helpfulness of objective tests in phys- 
ics,” ibid., 14, 108-14 (1937). 
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It is suggested that the Coéperative Chemistry Tests 
can be used (1) to measure achievement of certain aims 
by pupils in a college as compared to those in other 
colleges so that the superior students can be located, 
(2) to guide students in their choice of courses and life 
work, and (3) to evaluate the achievement in chemis- 
try of students transferring from one institution to an- 
other. 

The Committee wishes to thank each department and 
each teacher who collaborated in this program. It 
wishes to thank those teachers who submitted criticisms 
of the test. Without the assistance of many in making 
the experimental studies necessary, in editing the 
questions, and in accumulating the data the program 
would be valueless. 
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Thanks is also due in abundance to the Codéperatiye 
Test Service and Dr. Ben D. Wood’s staff of assistants 
who made the numerous statistical studies requested for 
use in this report. 

It is hoped that next year an even greater percentage 
of those using these tests will report their results. Only 
thus can completely valid norms be established. 


The Committee on Examinations and Tests, Division 
of Chemical Education. 


Ep. F. DEGERING 
R. E. Kirk 
FRANK WADE 


B. CLirForD HENDRICKS 
Rurus D. REED 
EARL W. PHELAN 


O. M. Situ, Chairman 





The USE of OBJECTIVE TESTS 
in ORGANIC CHEMISTRY 


ED. F. DEGERING 


Purdue University, Lafayette, Indiana 


Tests in one form or another account for a large part of 
teaching routine. They are used as teaching tools to (1) 
stimulate the students to do a high grade of work, and (2) 
afford the instructor a means of rating the student with 
respect to his group. Most arguments in favor of tests can 
be resolved into one or the other of these basic concepts. 

In the writer's opinion, all tests may be classified as (1) 
definite or (2) indefinite. An illustration of the latter is 
afforded by the discussion type of test. 

The definite type of test may be divided into (1) the 
blank page type, (2) the fill-in type, and (3) the objective 
type. Each of these has its justification, but the two 
latter seem to answer all the requirements for a test 
without placing an undue burden on the instructor. Some 
statistics on the use of these tests are presented. 

The writer believes that the most satisfactory test is the 
one that stimulates the student adequately without un- 
necessary taxation on the instructor's time. 


i ete eS 


ESTS in one form or another account for a large 
ft pee: of teaching routine. They fall, according to 

one school of thought, into the category of neces- 
sary evils. To another group, tests serve as basic teach- 
ing tools. 





* Presented before the Division of Chemical Education at 
the Rochester meeting of the American Chemical Society, 
September 6, 1937. 


It is beyond the scope of this paper to attempt to 
justify the use of tests. The writer assumes that the 
use of drills, quizzes, tests, or examinations of one type 
or another has been accepted by most instructors as a 
matter of routine. The basic question is not relative 
to the advisability of using tests as a teaching tool but, 
on the other hand, the type of a test that will most 
effectively and most economically attain the end in 
view. 


Most instructors will contend that examinations 
should aim at a two-fold objective: they should stimu- 
late the students to do a high grade of work, and they 
should afford a means of appraising the relative capac- 
ity of any given student with respect to the group. 
Various other arguments might be presented to sub- 
stantiate the necessity of giving examinations, but they 
all resolve themselves into the problem of stimulating 
and placing a student. If this be true, then any type 
of test, that will stimulate a student to do high grade 
work and at the same time afford a fair means by which 
the instructor may appraise that work, must be satis- 
factory. 

In the writer’s opinion, all tests may be classified as 
(1) definite or (2) indefinite. In the latter group are 
those that deal in generalities and leave the student 
with little or no directions or guidance as in the dis- 
cussion type of test. 
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TABLE 1 
THE Discussion Tyre oF TEs1 
(1) Discuss the chemistry of the olefins. 
(2) Discuss substitution in the benzene ring. 
(3) Discuss the industrial production of an organic compound. 
(4) Discuss the chemistry of benzenediazonium chloride. 
(5) Discuss the chemistry of the aliphatic alcohols. 


A test of this type has a certain justification in that 
it permits the student to deliver according to his capac- 
ity to express himself clearly and forcibly. Obviously 
enough, the student with a thorough training in English 


TABLE 2 
THE BLANK PAGE Type oF DEFINITE TEST 

(1) Define (a) asymmetric carbon atom, (b) external compensa- 
tion, (c) optical activity, (d) resolution, and (e) desmot- 
ropy. 

(2) State a commercial use for (a) phenol, (b) phthalic an- 
hydride, (c) naphthalene, (d) nitrobenzene, and (e) tannin. 

(3) Give a commercial method for the preparation of (a) 
pyrogallol, (b) aniline, (c) benzenesulfonic acid, (d) 
Michler’s ketone, and (e) phenol. 

(4) Give equations for five specific reactions of benzenesulfony] 
chloride. 

(5) Starting with benzene, prepare (a) benzoic acid, (b) phenyl 
cyanide, (c) s-tribromoaniline, (d) m-nitroaniline, and 
(e) o-nitrotoluene. 

(6) (a) Illustrate Sandmeyer’s reaction. (b) What are auxo- 
chromes? (c) Is benzyl chloride more reactive than m- 
chlorotoluene? (d) Distinguish between azo and diazo. 
(e) Illustrate the Friedel-Crafts reaction. 

(7) (a) Give the conditions for the substitution of chlorine in a 
side chain. (b) Indicate what happens when phenol is 
distilled over zinc dust. (c) Illustrate sulfonation. 
(d) Give the formula for the product formed by the 
treatment of aniline with acetyl chloride. (e) Starting 
with aniline, prepare p-nitroaniline. 

(8) (a) Give a test for protein. (b) Show the action of heat 
upon 3-hydroxypropanoic acid. (c) Acrylic acid + 
HBr —. (d) Give an equation for the preparation of 
salicylic acid by the Kolbe-Schmitt reaction. (e) 1- 
Nitronaphthalene + oxidation —. 

(9) Give equations to illustrate five different type reactions of 
benzaldehyde. 

(10) (a) Illustrate a quinoid structure. (b) Give the equation 
for the reaction of benzoquinone with an excess of hy- 
droxylamine. (c) Write the graphic formula for sac- 
charin. (d) Give the formula and name of an aromatic 
alcohol. (e) CsHs-SO..ONa + Na-CN, fuse —. 


and composition has a distinct advantage over the 
student who may have a much broader detailed knowl- 
edge of the field but is inadequately trained to express 
himself. In such an event, the discussion type of test 
becomes a measure of one’s ability in composition 
rather than a measure of one’s factual knowledge. In 
so far as the students are concerned, the good to be 
derived from this type of test might off-set the ills. 
In so far as the instructor is concerned, such a test offers 
nothing but hard and tedious work. His problem of 
assigning a student to a particular place in his group 
has been intensified by a large number of uncertainties 
and a certain degree of indefiniteness. As a result, an 
instructor who is faced with one hundred or more pa- 
pers, which deal with four or five discussion questions, 
will find himself tending to grade on quantity of ma- 
terial instead of quality of work. 
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The definite type of test may be divided, for the pur- 
pose of this discussion, into three subdivisions: the 
blank page type, the fill-in type, and the objective type. 

Such tests give the student a very definite idea of 


TABLE 3 


FILL-IN TYPE OF DEFINITE TEST 
(1) (a) Lactic acid + heat —~ 
(b) Glycine + heat > 
(2) (a) 8-Hydroxypropanoic acid + heat —~ 
(b) 4-Hydroxybutanoic acid + heat ~ 
(3) (a) CH; HC:CH-CO-OH + HBr — 
(b) Muconic acid + 1 Br, > 
(4) (a) Ammonium carbonate + heat —~ 
(6) Ethyl chlorocarbonate + NH; — 
(5) Classify proteins. 
(6) (a) Give the xanthoproteic test for proteins. 
(b) What is the biuret reaction? 


(7) Give two met 
(a) 
(b) 


hods for precipitating proteins. 


(8) Show (a) acid and (b) ketonic hydrolysis of acetoacetate 


(a) 
(b) 


(9) Indicate the alkyl halide needed in the acetoacetic ester 
synthesis to prepare (a) propionic acid and (b) 2-pen- 


tanone. 
(a) 
(b) 


(10) (a) How many monoethyl citrates would you predict? 
(6) How many diethyl citrates would you predict? 


what he is expected to produce to give evidence of his 
familiarity with the subject. Usually his answer is right 


FIL 


TABLE 4 


L-JN TYPE OF DEFINITE TEST 


In the blank space, give the answer to the question indicated 
at the right. In the case of equations, give the principal organic 


product only. 
5) anemones Ske? 
CB cis haoeit nes 
C) Se iCeee 


ie Bis cok 
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Give a commercial use for ethylene. 
Give a commercial use for acetylene. 


..Give a commercial use for ethyl ether. 


Name, CH3-C:C-CCl,-CH2-CH; 
Name, H.C:CCl-CBr.-CH2-CH; 


, .Name, CH;-CO-0-CH:2-CH; 
..Give a commercial preparation for acetone. 
. How is glycerine prepared commercially? 


Write the formula of  1,1,3-tribromo-2- 
butene. 
Write the graphic formula for 1,2-ethanediol. 


. Write the formula for 2-chloro-3-pentanone. 
.. Acetaldehyde + nascent hydrogen > 
.CH;-CH2-OH + PCI; = 


3-Pentanone + nascent hydrogen — 


.Na/(dry ether) + CH;-CH2-Br — 


Which is the more basic, NH;/H:O or 
Et.NH/H:20? 


.Which is the more basic, NH;/H:O or 


Et;N/H:O? 


. Ethyl bromide + NaOH, alc. > 


Ethyl bromide + NaOH, aq. > 
1,2-Dibromobutane + zinc dust/(Et.OH- 
Ac.OH) > 


.1,1,2,2-Tetrabromobutane + zinc dust/ 


(Et. OH-Ac.OH) — 


. Propane + burning ~ 
.Butanol + burning — 
..CH;-CO-Cl + CH;-CO-0-Na — 
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TABLE 5 


OBJECTIVE TYPE OF DEFINITE TEST 


A. Encircle the T if the statement is true, the F if it is false. 


(1) R-CH(NH2)-CO-OH + NaOH, aq. — R-CH(NH2)-CO-ONa + H,0. 


(2) Ammonia is lost when a 4-amino acid is heated. 


(3) Proteins are amphoteric. 


(4) A metallic cyanide + a mineral acid as H,.SO, —~ methanenitrile. 

(5) The hydrolysis of a carbylamine yields the corresponding acid. 

(6) In the are process, Ne + Hb, heat, pressure — NHs3. 

(7) A carbylamine + R-MgX, then H.,O — an aldehyde + an amine. 

(8) The Nitride Process: 3 Mg + Nz, heat —- Mg;N2, then + 6 H,O ~ 2 NH; + 3 Mg(OH). 


(9) HO-CN + Ch — CLCN + HO-Cl. 


* (10) Fulminic acid and its derivatives are stable compounds. 
In the blank, fill in the number of the corresponding name or formula. 


(1) Aminoethanoic acid (1) (CI-CN); 
(2) Cyanamide 
(3) Cyanic acid (3) HO-NC 
(4) Cyanogen (4) Guanidine 
(5) Cyanogen chloride (5) NC-CN 


(2) Methyl isocyanide 


(11) Glycine 

(12) H.N-CN 
(13) H.N-CO-NH2 
(14) CH;-CH2-NC 
(15) H-N:C:0 


(6) Cyanuric chloride (6) Hydrogen chloride 


(7) Ethanenitrile (7) Urea 
(8) Fulminic acid (8) HO-CN 
(9) Methanenitrile 
(10) Methylcarbylamine (10) Cl-CN 
Complete the following (give organic products first): 


cli aac Tit ce i allan Se Ria taa tity. 20 kis drusea Sala 
Th aa a acini aah 5 aibauniece dae aemediccakkaa bibs 


In the blank, place the number of the product that applies: 
(1) CH;-CN + CH;-MglI, then + H,O/(H*) ~> 
(2) Cyanogen chloride + ammonia —~ 
(3) Hydrogen cyanide + x H/(Na/EtOH) — 
(4) Ammonium oxalate + P,O;, heat —~ 


. (5) CH;-CHOH-CN + NH;, then + H,0/(H*) — 


(6) Ammonium ethanoate + P,O,, distil > 
(7) Acetonitrile + H,O/(conc. H:SO,) > 
(8) Methyl chloride + sodium cyanide > 
(9) Urea + sulfuryl chloride — 

(10) Ethyl bromide + silver cyanide — 

In the blank, place the number of the reagent that applies: 

(1) Ethanal — 2-hydroxypropanenitrile 
(2) Ethanenitrile — ethanethioamide 
(3) Ethylamine — ethylcarbylamine 
(4) Hydrogen cyanide — cyanogen chloride 
(5) Propylearbylamine — C;H7-N:C:S 
(6) Mercuric cyanide — cyanogen 
(7) Cyanogen — oxalic acid 
(8) Mercury — mercuric fulminate 
(9) 3-Aminobutanoic acid — 2-butenoic acid 

(10) Methylcarbylamine — methanoic acid 


or wrong; there is little or no opportunity for hedging. 
The instructor, however, often does experience difficulty 
in finding the answer due to the fact that students 
normally exhibit very poor capacity for organizing their 
material. Out of a hundred such test papers, there 
might be a dozen that would be written in such a 
manner that the instructor would actually enjoy read- 
ing them. 

Tests of this type are time saving on the part of both 
the student and the instructor. For a given time, much 
more material can be covered and a better measure of 


(9) Methyl cyanide 


R-CHX:-CO-OH + 3 NH; > 

Above product + CuSO,, aq. > 
Product from 2 + HS, aq. > 

are identified by the carbylamine test. 


are the building units of the proteins. 
R-CN + (R-CO),0 > 


s alh dug ve wraterecee is the tautomeric form of hydrogen cyanide. 
‘sa ak axe R-NC + HgO — 


CaC, + Ne, heat > 


(1) Acetamide 

(2) Acetone 

(3) 2-Aminopropanoic acid 
(4) Cyanamide 

(5) Cyanogen 

(6) Ethanenitrile 

(7) Ethylamine 

(8) Ethylcarbylamine 

(9) Fulminic acid 

(10) Methyl amine 


(11) Glycine 

(12) Propylamine 
(13) 2-Butanone 
(14) Propanamide 
(15) Formamide 


(1) NH; 

(2) H-CN 

(3) H,O 

(4) x H,O/(H*) 

(5) Na 

(6) Heat 

(7) Cl, 

(8) H.S 

(9) conc. HNO, then Et-OH 
(10) $ 


(11) P2Os 

(12) NaOH 

(13) CHCI,/NaOH 
(14) NaOH/Et-OH 
(15) KCI 


the student’s ability thus obtained. The broader and 
the more comprehensive the test, the more accurate 
the instructor’s appraisal of astudent. The instructor, 
on the other hand, can grade his papers’ in approxi- 
mately one fourth of the time that would be required for 
the blank page type of definite test, without sacrificing 
any of the benefits to be derived by a student from a 
test. 

This represents an extension of the idea utilized in 
the last type of test. It has certain advantages in that 
all of the answers are to be found on the left hand mar- 
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gin of the page with the net result that the instructor 
fnds himself conserving his time in so far as the 
grading of papers is concerned. 

The objective type of definite test is shown in Table 5. 
Such a test permits one to cover a maximum amount 
of material in a given time, and permits a distinct ap- 
proach at a measure of the student's capacity. Stu- 
dents do not do equally well on the different parts of 
this test. Some do unusually well on one particular 


part of the test and quite poorly on another part . 


of the test. In so far as the instructor is concerned, the 
grading is reduced to a minimum. The writer knows 
of at least one professor who supplies his daughter with 
pin money by hiring her to grade his objective tests. 

A rather limited study was made of the response of 
students to the last two types of tests as judged by their 
grades, and the results of that study are shown in 
Table 6. 

It seems more or less conclusive from a consideration 
of this data that students do about as well on one type 
of test as on another type of test. The writer is quite 
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fully convinced that any test that will stimulate the 
student to do his best work is satisfactory in so far as 


TABLE 6 
RESULTS FROM FINAL EXAMINATIONS IN ORGANIC CHEMISTRY 
AT PURDUE 
Objective Tests (Type O, Table 5) vs. Completion Tests (Type C, 
Table 4) 
Type O Type C 
Total Average Average Tie 


% Better on 
Type O 
First Semester 
Chemical Engineers 92 39.5 36.1 8 63 out of 92 
Home Economics 100 31.7 32.0 6 39 out of 100 
Agriculture 210 30.1 ~~ 385. 6 389 out of 210 
Second Semester 


—_ 


Chemical Engineers 938 38.0 36.5 6 54 out of 93 
Home Economics 72 32.8 31.2 7 45 out of 72 
Agriculture 184 32.9 38.2 7 25 out of 184 


the student is concerned. As to the instructor, the 
type of test that makes the least possible demand on 
his time and energy, provided it stimulates the students 
to study, is the most satisfactory. 





dn APPARATUS for DISPENSING DRY 
GASEOUS and LIQUID AMMONIA 


CARL H. ALMFELT anp C. R. McCROSKY 


Syracuse University, Syracuse, New York 


T HAS long been known that some salts deliquesce 
] in the presence of dry ammonia gas. Ammonium 

thiocyanate and ammonium nitrate are salts of this 
type. Foote and Brinkley! studied the ammonium 
thiocyanate-ammonia phase system and their work sug- 
gested to Young? the use of this salt as a convenient 
absorbent for the gas. In his preliminary work on the 
study of the sulfides of ammonium this mixture served 
as a source of dry ammonia gas and was found to be 
more efficient than the ammonium nitrate-ammonia 
mixture. Later Scheflan* found this mixture a con- 
venient and reliable source of the dry gas in his study 
of the ammonia-hydrogen sulfide system. 

Briefly, the procedure consists of condensing am- 
monia gas from a steel cylinder on the dry ammonium 
thiocyanate salt at the temperature of an ice bath. The 
salt melts, absorbing about forty-five per cent. of its 
weight of the gas. The mixture may be kept in an 
ordinary flask with a wired-in stopper at room tem- 
perature. When the ammonia is used the ammonium 


1 FOOTE AND BRINKLEY, J. Am. Chem. Soc., 43, 1178-9 (1921). 
a NOUNG, unpublished Master’s thesis, Syracuse University, 
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a ‘ _— AND McCrosky, J. Am. Chem. Soc., 54, 193-202 
32). 





thiocyanate salt crystallizes, but may be used again by 
condensing more ammonia gas on the solid. 


EXPERIMENTAL WORK 


After considerable experimentation the container 
illustrated in Figure 1 was devised and found to be 
efficient in dispensing dry ammonia gas from the am- 
monium thiocyanate-ammonia mixture. This flask 
readily supplies a few cubic centimeters or a large 
volume of the gas for the lecture table or other use, 
or very quickly a few cubic centimeters of liquid 
ammonia according to the method subsequently de- 
scribed. A considerable amount of work can be done 
with gaseous or liquid ammonia with such an apparatus 
before recharging is necessary. Furthermore the gas is 
dispensed at a very moderate pressure; so different 
from the high pressure (involving manipulative diffi- 
culties) experienced when taking the gas directly from 
a steel cylinder. 

The following details are observed in charging the 
container illustrated in Figure 1. An absorbtion train 
of the type illustrated in Figure 2 is used. This ap- 
paratus consists of four one-liter flasks. Each is fitted 
with a two-hole rubber stopper, which, in the case of 
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“B,” is wired to the flask. ‘‘B’’ contains three to five 
hundred grams of dry solid ammonium thiocyanate, 
and is cooled in an ice bath. ‘‘A’’ and ‘“C”’ serve as 
safety bottles; ‘‘A’’ to prevent any of the mixture in 
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flask ‘“B’’ sucking back to the steel ammonia cylinder, 
and ‘‘C”’ to trap the water contained in flask ““D.’’ The 
water in flask ‘““D”’ is to absorb any ammonia gas which 
is not absorbed by the ammonium thiocyanate. All of 
the flasks are connected by means of rubber tubing. To 
prepare the solution a slow stream of gas is passed from 
the steel cylinder into flask ‘‘A.’’ No gas will escape 
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FIGURE 2 


from flask ‘“‘D’’ for the first few hours. The solution 
is nearing saturation when gas begins to escape from 
“D.” Flask “B’’ is then disconnected from the train, 


and the solution is transferred to the permanent flask 
illustrated in Figure 1. 

In order to do this the tube from flask ““B’’ which ex- 
tends to the bottom of the flask is connected to either 
stopcock of the other flask as shown in Figure 3. Both 
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stopcocks of this flask, the permanent flask, are opened, 
and the short tube of flask “B”’ is closed. By slight 
warming of flask ‘‘B”’ the liquid is caused to flow into 
the permanent flask. The stopcocks in this flask are 
then closed, and the solution is ready for use. To te. 
charge the flask it is only necessary to place it in the 
train in place of flask “B.”” This now becomes a per. 
manent apparatus for dispensing ammonia and cap 
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FIGURE 3 


be used over and over again. One-half pound of am- 
monium thiocyanate may serve to dispense conveti- 
ently in such an apparatus many liters of liquid am- 
monia or large volumes of dry ammonia gas, and the 
apparatus is convenient to keep in chemical stock- 
rooms. With such a source of the gas more extensive 
experiments by students are possible. Pure dry liquid 
ammonia can be readily prepared according to the 
technic illustrated in Figure 4. The liquid can be con- 
densed on any substance in the test-tube cooled ina 
carbon dioxide-ether mixture. Five to ten cubic centi- 
meters can be collected in as many minutes. The test- 
tube may be stoppered with a two-hole rubber stopper, 
one hole filled with a drying tube to prevent access of 
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moisture. The condensation. may be observed by using 
a transparent Dewar flask to hold the carbon dioxide- 
ether mixture. In this simple way the solubility 
of substances and their behavior can be studied, 
qualitatively, in a fairly rapid manner. 
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KEEPING UP WITH CHEMISTRY 


Viscose rayon spun continuously. T.R.Oxive. Chem. Met. 
Eng., 45, 668-72 (Dec., 1938).—After six years of research and the 
expenditure of more than $2,000,000 the Industrial Research 
Corporation of Cleveland has developed a process and built a 
plant for the continuous production of viscose rayon. This 
plant, which cost $11,500,000, will have a capacity of 12,000,000 
pounds per year and employ one thousand people. It will have 
in operation 9600 spinnerets in the three and one-half acre 
spinning room. 

The heart of the new process is a patented reel which ac- 
complishes the separation and continuous advancement of the 
turns of yarn as they wind up on the reel from the preceding step. 
Ten of these reels are designed for each spinning position—a 
total of 96,000 for the plant. JW: 

The production and properties of neutrons. N. FEATHER. 
Sci.. Progress, 33, 240-56 (Oct., 1938).—The neutron was not 
discovered until thirty-five years after the electron was isolated. 
It should be noted, incidentally, that the term ‘‘neutron’’ was 
current in general scientific literature long before its final ap- 
propriation in respect of a particle, the discovery of which 
belongs strictly to the year 1932. 

As long as it was imagined that the neutron was a stable 
combination of a proton and an electron, it was natural to sup- 
pose that its mass was slightly less than the mass of the hydrogen 
atom. Various classical theory calculations were made on this 
basis at an early stage. If, as we now know, the contrary result 
has proved to be correct—the neutron mass is, in fact, greater 
than the mass of the hydrogen atom—this neither invalidates 
Chadwick’s method of calculation nor confirms the original 
high value put forward by Curie and Joliot. 

In 1984 Chadwick and Goldhaber first showed that irradiation 
of heavy hydrogen with the hard a-rays of thorium active de- 
posit resulted in the liberation of protons and neutrons through- 
out the gas. These particles come from the disintegration of the 
heavy hydrogen nucleus by a-rays of 2.62 X 10° E.v. energy: 
if, therefore, we can determine the kinetic energy of the particles, 
we can calculate, by subtraction, the minimum energy which is 
necessary to effect the disintegration. 

An interesting suggestion concerning the origin of the mag- 
netic moments of neutron and proton has been worked out by 
Frélich, Heitler, and Kemmer on the basis of the theory of the 
heavy electron. For these calculations the magnetic moment 

of proton or neutron is assumed to arise on account of the virtual 
emission and re-absorption of a heavy (positive or negative) 
electron from the particle in the free state. In its essential 
features this suggestion is the same as that put forward by 
Wick on the theory of 6-disintegration—only now the heavy 
electron replaces the electron-neutrino pair of the earlier theory. 
mw B.C. 

Reactions in the solid state. W.E. GARNER. Sci. Progress, 
33, 209-29 (Oct., 1938).—Numerous reactions in inorganic 
chemistry depend on the decomposition of solid bodies by heat. 
Many simple gases are prepared by this method. Many cata- 
lysts used in chemical industry are chemical compounds manu- 
factured by heating two or more solid substances together. 
Also corrosion of metals, which in the first place is a reaction 
between the metal and oxygen, depends on reactions occurring 
in the oxide layer. 

Such reactions are classified as follows: 


I. Reactions involving no crystallographic steps. These 


are further subdivided into two types, (a) reactions in which 
the products form solid solutions with the reactants, and (db) 
reactions which are virtually chemisorption occurring on the sur- 
faces of the solid. 
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II. Reactions involving one crystallization step. 

III. Reactions involving the destruction of a crystalline 
lattice. 

IV. Reactions which involve both the creation and destruc- 
tion of lattices. This forms a very large class and includes the 
following types: 

(a) A solid — B solid + gas, examples being the decomposi- 
tion of some explosives and the action of light on the photo- 
graphic plate; 

(b) A solid — B solid + C solid such as the decomposition 
of silver acetylide; and 

(c) A solid + B solid — C solid. 

Solids, the decomposition of which occurs with the liberation 
of heat, can be made to detonate, given suitable conditions. 
Sensitive explosives require only the application of heat, whereas 
the less sensitive can only be detonated by the application of a 
powerful shock. The transition of the normal thermal decom- 
position into deflagration, and the passage of deflagration into 
detonation are matters of considerable interest at the present 
time, and although the conclusions reached as to the mechanisms 
of these processes are still very tentative, it is worthwhile to 
see what progress has been made in these fields. 

There are two main theories of the cause of ignition. The 
first, which is very ancient, is that deflagration arises when the 
heat generated by the reaction is too great to be conducted away 
to the surroundings, and the second, which is a modern inven- 
tion, is based on the chain theory of reaction, ignition occurring 
when the length of the reaction chain becomes infinite. It is 
difficult to decide between these two alternatives, for both 
theories give similar mathematical relationships. 

Many of the topics covered by this article have been the sub- 
ject of a discussion under the auspices of the Faraday Society at 
Bristol in April, 1938, and reference to original work can be 
found in the publication of this discussion. RR... C. 

Plastic materials. C. R. RunK. Chem. Met. Eng., 45, 609 
(Nov., 1938).—The laminated or molded phenolformaldehyde 
products, usually referred to as Bakelite are available under 
various trade names. They are gradually becoming popular as 
materials of construction for such articles as pipe lines, buckets, 
valves, rolls, bearings, gears, bobbins, spools, and other me- 
chanical parts. Their limitations are lack of resistance to certain 
strong oxidizing agents, some solvents, and strong caustics. 

J. W. H. 

Beginnings of the helium industry. H. P. Capy. Ind. 
Eng. Chem., 30, 845-7 (Aug., 1938).—About 1902 He was found 
in natural gas in Kansas. The gas burned only with difficulty 
due to the high Nz content and He was present to the extent of 
1.84 per cent. Early progress was slow due to lack of specific 
data on the properties of He. Later gas from Texas was found 
to contain almost one per cent. He as had been predicted from 
the isohelium lines which had been drawn from the location of 
the He containing gases of previous investigations. The article 
deals with the development of the industry during the World 
War. The difficulties were largely overcome so that before the 
Armistice there was enough ninety per cent. He available to 
fill a dirigible. Work on the production of He since then is 
discussed by C. W. Seibel in the same issue of the magazine cited. 
At the time when He was first suggested for war use in dirigibles 
small quantities were being sold for $2500 per cubic foot, making 
the cost of filling a small blimp about $100,000,000. Present 
operating costs at the Amarillo plant run about twelve dollars 
per thousand cubic feet. It is expected the He will be sold for 
medical purposes at eight to fifteen dollars per thousand cubic 
feet. D..Gak 
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Air-conditioning equipment. M. INGELS. 


enclosed space. 
heating coil. 


air is heated. Either spray nozzle or pan humidifiers are used. 


Moisture is removed by passing air over a cold surface, use of a 


cold spray or hygroscopic material. Dust is removed by filtra- 
tion or washing. Means of obtaining these fundamental re- 
quirements under varying conditions are discussed. Positive 
circulation is maintained by means of a fan. DC: L. 

Wood for chemical needs. J. K. Srewartr. Chem. Met. 
Eng., 45, 612 (Nov., 1938).—Even in this modern era wood still 
plays a major part and serves the chemical engineer, especially 
as one of his most important materials of construction. It is 
used to build tanks, vats, other containers and pipe for chemical 
process industries. The principal sources of concern in its use 
are absorption of solution by the wood, contamination of the 
product, shrinkage or swelling of the wood and destructive effects 
of chemical action. . W. A. 

Mercury poisoning. Anon. Nature, 142, 609 (Oct. 1, 
1938).—The August issue of The Review of Scientific Instru- 
ments contains a review of present knowledge of mercury poison- 
ing through continued exposure to its vapor or to dilute solutions 
of mercury compounds. Although individuals differ in their 
sensitivity to poisoning, prolonged exposure to an atmosphere 
containing one quarter of a milligram of mercury vapor per cubic 
meter of air is dangerous. ‘‘As the saturation vapor pressure of 
mercury at 18°C. is such that there is more than 10 mgm. of 
mercury in a cubic metre, it is evident that exposure of con- 
siderable surfaces of mercury to air at ordinary temperatures 
should be avoided.’”’ Good ventilation, gas-masks containing 
carbon-iodine absorber, and rubber gloves are recommended as 
precautionary measures. M. E. W. 

Phosphates. W. Haynes. Chem. Industries, 42, 387-91 
(Apr., 1938).—‘‘Phosphates have suddenly become exceedingly 
important. By an interesting transformation they have usurped 
the position traditionally held by the nitrates with all of the 
chemical, agricultural, and political implications that this, in 
these days, involves. 

“First of the vital elements of plant food to be developed 
chemically, superphosphates have long been the chief chemical] 
activity of the fertilizer industry, and because we have always 
been the world’s largest producer of phosphate rock and the 
phosphate mines have been operated mainly by the large fer- 
tilizer manufacturers this material has been of unique economic 
importance for the American chemical industry during the past 
half century. 

“Now, just when private enterprise has, for the first time in 
chemical history, made available here abundant commercial 
supplies both of pure phosphoric acid and of elemental phos- 


HISTORICAL AND 


Miss Lise Meitner. ANon. Nature, 142, 865-6 (Nov. 12, 
1938).—Miss Lise Meitner is receiving congratulations on the 
occasion of her sixtieth birthday, which she celebrated on Novem- 
ber 7th. ‘It is now more than thirty years since Miss Meitner 
left Vienna for Berlin to begin work on radioactivity with Prof. 
Hahn, and throughout the whole of that period, both alone and 
in collaboration, she has contributed as much almost as any one 
person to the subject to which she devoted all her energies.” 
During the years 1908 to 1910 she collaborated with Dr. Hahn 
in studying the radiations from the active deposits of radium, 
thorium, and actinium and obtained the first evidence of the 
existence of the ‘‘C’”’ bodies and the radiations from radium D. 
Between 1911 and 1915 she studied, with von Baeyer and Hahn, 
the groups of beta-particles by the direct deviation method. She 
has also studied the long-range alpha-particles, the heating effect 
of the beta-particles from radium E, and the scattering of hard 
gamma rays. Since 1932 she has investigated artificial radio- 
activity and especially the radiations and radioactive elements 
produced by bombarding uranium and thorium with neutrons. 
Nature, 142, 906-7 (Nov. 


Prof. Enrico Fermi. ANON, 


19, 1938).—‘‘The Nobel Prize for Physics for 1938 has been 


Ind. Eng. Chem., 
30, 980-3 (Sept., 1938).—Air conditioning is the control of 
temperature, moisture content, and motion of cleaned air in an 
Heat is added by use of a heat interchanger or 
Heat removal is effected by means of a cooling 
coil or cold spray. Additional moisture may be required when 
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phorus, these chemicals have apparently become obbligat, 
products of the Government’s power program. Accordingly at 
the very moment when a notable development in new Dhos. 
phorus processes and new phosphorus compounds of great use to 
industry is forecast, an untried factor in chemical economics 
becomes forcefully effective.” 

Of TVA Origin 

“The present unmatched situation stems from the decision of 
the TVA, under the chemical direction of Dr. Harry A. Curtis 
to produce, not nitrates, but phosphates. Because he was a 
thoroughly competent nitrogen authority, Dr. Curtis realizeg 
that since the War we had declared nitrogen independence with 
available domestic supplies adequate for agriculture or in event 
of war. Accordingly, he adopted the proposal of the Muscle 
Shoals Commission of 1931, appointed by President Hoover and 
representing jointly Alabama, Tennessee, and the United States, 
and started the production of phosphoric acid for the manufac. 
ture of triple superphosphate. Much experimental work has 
no doubt been done both with coke and electric furnaces. Con. 
siderable phosphate deposits have been bought in Tennessee, 
ee aa superphosphate and metaphosphate have been pro. 

uced.” 

Estimates of known deposits of phosphate rock in the United 
States, of a grade suitable for superphosphate manufacture by 
present methods, are sufficient to last, at present rates of produc- 
tion, for two thousand years. 

Furthermore, it should be noted that a potent extender of 
these phosphate deposits of ours has been introduced by private 
industry in the development of the flotation process for the ex- 
traction and dressing of phosphate rock. 

“Obviously, phosphate consumption is expanding. Even in 
this country, where our fertilizer manufacturers have naturally 
tended to push superphosphate sales by loading mixed fertilizer 
formulas with this element more heavily than is the practice 
abroad, there is little doubt but there has been a steady depletion 
of phosphate in all strongly cropped soils. Not only is this agri- 
cultural deficiency to be corrected, but the industrial use of 
phosphorus compounds is beginning to grow and may naturally 
be expected to expand further. 

‘‘However, improved mining technic (notably the flotation 
process) is already able to double recovery and thus double 
reserves so as to care for a double consumption. Only a very 
pessimistic chemical man would be willing to believe that within 
the next thousand years we could find no way to recover the 
lost or waste phosphates in garbage and sewage so as to replace 
the quantities of this element taken from the soil by plants, 
Even so gloomy an outlook presupposes that no new phosphate 
deposits will be discovered or no substitutes developed for the 
present uses of phosphorous compounds in sugar refining, rust- 
proofing, silk weighting, galvanizing, fire-proofing, and even in 
self-raising flour, and medicines.” A: Tae 


BIOGRAPHICAL 


awarded to Prof. E. Fermi, professor of theoretical physics in 
the University of Rome’”’ for his work on artificial radioactivity 
induced by bombardment with neutrons. “Bombardment of 
the nucleus with neutrons is peculiarly effective in producing 
nuclear reactions because the neutron does not experience the 
strong electrostatic forces which oppose the approach of 4 
proton or alpha-particle.’”” He showed, moreover, in 1934, “that 
the effectiveness of neutron bombardment is greatly increased 
in the presence of masses of water or paraffin, and concluded 
that the neutrons are slowed down by collisions with hydrogen 
nuclei in these substances, and that the slow neutrons have 4 
high probability of entering and disrupting — . A 


Jubilee of the Pasteur Institute. ANon. Nature, 142, 909 
(Nov. 19, 1938).—Although November 14, 1938, marked the 
fiftieth anniversary of the founding of the Pasteur Institute, 
the celebrations were postponed until December 27th, Pas 
teur’s birthday. Since Pasteur’s death in 1895 the institute 
has had three great directors: Emile Duclaux, Emile Rout, 
and its present head, Louis Martin. Other Pasteur Institutes, 
patterned after the one at Paris, are located at Saigon, Tumis, 
Lille, Algiers, and Athens. M. E. W. 
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RECENT BOOKS 


CHEMISTRY OF THE PRoTEINS. Dorothy Jordan Lloyd, Director 
of the British Leather Manufacturers’ Research Association, 
and Agnes Shore, London School of Medicine for Women. 
Second Edition. P. Blakiston’s Son and Co., Inc., Philadel- 
phia, 1938. xi + 532 pp. 101 figs. 13 X 20.5cm. $5.50. 
The first edition of this book appeared in 1926. Since that 

date there has been an enormous expansion of the literature of 
the proteins, and much order has begun to appear from the earlier 
chaos. It is entirely fitting, therefore, that this second and much- 
expanded edition should be welcomed at the present time. 
Among all of the workers in the field of proteins there are prob- 
ably none who can write with greater authority in the field than 
can Dr. Jordan Lloyd, since a continuous stream of research 
papers on the most diverse phases of protein chemistry have, 
during the past many years, continued to come from her labora- 
tories, and she is internationally recognized as an authority on 
leather chemistry and the chemistry of the hide proteins. 

The present volume is much more than a revision of the first 
edition. It is a complete rewriting and re-evaluation of the sub- 
ject and presents a satisfactory cross-section of the literature of 
the field. 

The book is divided into two parts and fourteen chapters. Part 
Icovers the Nature and Constitution of the Proteins, The Differ- 
ent Classes of Proteins, The Methods of Protein Analysis, The 
Individuality of the Proteins, The Biochemistry of Proteins and 
Amino Acids, The Proteolytic Enzymes, and The Linkages in the 
Protein Molecule. Part II includes the more physico-chemical 
phases, such as The Architecture of the Protein Molecule, The 
Combination of Proteins with Acids and Alkalies, The Proper- 
ties of Protein Solutions, The Absorption and Loss of Water by 
Gels and Tissues, The Specific Effects of Salts on Protein Solu- 
tions, Denaturation and Coagulation, and The Theory of Pro- 
tein Solutions. 

By-and-large the topics are adequately discussed, and the ap- 
propriate literature citations are indicated. Occasionally, how- 
ever, one wishes that the authors had been somewhat more critical 
in their comments, for quite frequently diverse viewpoints of 
protein workers are cited with no indication as to which view- 
point (if any) is favored by the authors. In the opinion of the 
reviewer, however, such uncritical treatment as does occur is in- 
finitely to be preferred to a biased treatment which some authors 
occasionally adopt, whereby only those viewpoints agreeing with 
a preconceived theory are deemed worthy of mention. Certainly 
in the present volume the authors have attempted to present all 
aspects of the problem. 

The paper, printing, and binding are excellent, and typographi- 
cal errors are relatively rare and as a rule easily recognizable as 
such. There are a few statements of fact which the reviewer 
would question, such as (page 8), ‘‘Nearly all known amino 
acids are found in nearly all known proteins,” and (pages 76 and 
253) that the protamines are the characteristic protein of fish 
“toe.”’ Adequate author and subject indexes are provided. The 
volume is highly recommended by the reviewer, particularly 
because it may be taken by the American scientist as representing 
the viewpoint of the English workers in the field of the proteins. 

Ross AIKEN GORTNER 


THE UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINNESOTA 


CrystaL Cuemistry. C. W. Stillwell. Dennison Manufactur- 
ing Company. McGraw-Hill Book Company, Inc., New York 
City, 1938. vii +431 pp. 72 figs. 13.5 X 20.5cm. $4.50. 
This little book was intended by its author to be a combination 

of elementary text and a starting point for further study. It 

deals with sizes of atoms and ions, the nature of the metallic 

State, the structures and properties of alloys, structure of com- 
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pounds, and the fiber state. It is really a noteworthy summary 
of the literature on the chemical side of crystal structure and, as 
such, is heartily recommended to all teachers of chemistry. Opin- 
ions will probably differ widely as to the point in a chemistry 
curriculum at which such material should be introduced. In the 
opinion of your reviewer, the author is pretty optimistic when he 
states his belief that freshmen in chemistry can profit by a two 
weeks’ exposure to this material. Freshmen are apt to get en- 
thusiastic about ‘‘top’’ before they have a solid foundation of 
“bottom,” 

If your reviewer were to criticize this book at all it would be 
not on the basis of its actual contents but rather on the basis of 
the philosophy in accordance with which it has obviously been 
written. It is very evident that the author believes current scien- 
tific theory and accepts it with almost the unquestioning fervor of a 
theologian. The book has been written from the standpoint that 
“‘matter 7s thus and so” instead of from the standpoint that ‘‘mat- 
ter has the same properties that it would be found to have if it were 
thus and so.”’ It must be repeated to each generation of students 
that no true scientist believes his theories—he only uses them; 
he does not take them for truth, but only as convenient analogies 
which are useful only in so far as they enable him to predict ex- 
perimental results to within the precision to which he is interested. 
Belief in the truth of scientific theories should be limited to news- 
paper reporters. A textbook or a reference book in physics or 
chemistry should not even imply that current theory is correct. 
It should, instead, always imply that any theory has only one 
chance in infinity of being correct, but that it may be an ex- 
tremely useful theory, nevertheless. If the author had written 
from such a point of view he would not only have had a note- 
worthy ‘book—he would have had an outstanding book. But 
perhaps it is asking too much to expect everyone, even every 
worker in science, to be a one hundred per cent. skeptic. We 
might hope, however, that some day it will be considered a proper 
beginning for each class in college science to quote Dr. W. R. 
Whitney’s proverb, ‘‘Nine tenths of the literature and one tenth 
of every textbook is incorrect.”” Sometimes he shortened this 
to the blunt statement—‘‘If it’s in the literature, it isn’t so.”’ 

In spite of your reviewer’s sermon, every teacher of chemistry 
and most teachers of physics should own CrysTAL CHEMISTRY as 
a reference book. They will all find it stimulating at least, and 
most of them will find it useful on many occasions. 

WHEELER P. DAVEY 

PENNSYLVANIA STATE COLLEGE 

Srate COLLEGE, PENNSYLVANIA 
A CoursE IN CHEMICAL SPEcTRoscoPpy. H.W. Thompson, M.A. 

(Oxon.), Ph.D. (Berlin), Lecturer in Chemistry, Oxford Uni- 

versity. Oxford University Press, London, 1938. iii + 86 

pp. 8 plates and 27 diagrams. 14 X 22.5cm. $2.25. 

This book is intended to be a laboratory manual for a course de- 
signed to teach chemistry students what spectra look like and 
how they are photographed. The material covered includes 
the principal lines and the types of series in atomic spectra, a 
comparison of arc, spark, and flame emission spectra, the general 
features of a band spectrum and the rotational structure of a band, 
various types of band absorption spectra with their interpreta- 
tion in terms of potential energy curves, a discussion of pre-dis- 
sociation, bond energies, and the Morse potential energy curve, 
and, lastly, absorption bands in the photographic infra-red. 

The equipment required includes a glass and a quartz prism 
spectrograph and a 3-meter grating instrument. For the use of 
those who do not have this equipment available, excellent photo- 
graphs of the spectra under consideration are to be found with 
each experiment and enough data are given so that the assigned 
problems can be performed. ‘The theory involved in each of 
the experiments is incorporated into each of them, and it is hoped 
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that in this form the book may be of some value, not only as a 
guide for practical work, but also as an elementary theoretical 
survey of the various topics both for students and teachers, as 
well as for other workers in physical chemistry who are desirous 
of learning something of the more important features of chemical 
spectroscopy.” 

In the opinion of the reviewer this book, in spite of its many 
admirable features, fails to accomplish its purpose, primarily 
because of its excessive brevity. Too much is crowded into 
eighty-two pages. The instructions for the experiments are 
clear, but are rather scanty for one who has had no spectroscopic 
experience, The theoretical sections read like an abstract of a 
textbook on spectra, One who is fairly well acquainted with the 
subject may find the résumé quite valuable, but the neophyte 
will probably be appalled at the high concentration of none-too- 
simple ideas. An attempt is made to mitigate this situation by 
references to other texts and reviews. (Strangely enough, no 
mention is made of the excellent reviews by Mulliken.) If a stu- 
dent can learn from the sources to which he is referred, much of 
this book is unnecessary, On the other hand, if a student needs 
an introduction to spectroscopy, this book will probably be of 
little help. 

A deficiency of another kind lies in the fact that nowhere in this 
book is there a mention of spectroscopic methods applied to 
chemical analysis. The omission of this important and growing 
branch of chemical spectroscopy, in the reviewer's opinion, does 
much to lessen the book's value as an elementary text. 

To summarize—this book is not suitable as a textbook. If it 
were to be expanded judiciously to three times its present size, its 
value would be much more than tripled, 


E, J. ROSENBAUM 
Tue Untversitry or Cuicaco 
Curicaeo, ILLrNors 


EXPERIMENTS IN ORGANIC CHEMISTRY. Lucius Junius Desha, 
Professor of Chemistry, and Larkin Hundley Farinholt, Associ- 
ate Professor of Chemistry, Washington and Lee University. 
McGraw-Hill Book Company, Inc., New York City, 1938. 
xi + 233 pp. 23 figs. 13.5 X 20.5cm. $1.75. 


The purpose of this book is well expressed in the preface. 
*.., to provide a program of laboratory work closely correlated 
with Desha’s textbook, ORGANIC CHEMISTRY. It is justified by 
the distinctive order of presentation adopted in that text and by 
the experience that such correlation between laboratory and 
classroom work, in an introductory science, is the only way to 
derive the maximum advantage from either.” 

A great measure of the value in this manual lies in the syste- 
matic codrdination of the synthetic and analytic technics of 
organic chemistry. The order of presentation followed for each 
class of compounds may be briefly summarized as follows: (1) 
Preparative Method, (2) Physical Properties, (3) Chemical 
Properties, (4) Detection and Classification Reactions, and (5) 
Preparation of Derivatives for Identification. Headings in bold- 
face type render these divisions easily recognizable. The con- 
tinued emphasis on classification reactions and the preparation 
of derivatives provides a rich background for the identification 
of unknowns outlined in the last chapter. The parallel study of 
aliphatic and aromatic compounds simplifies the performance of 
the operations listed above, since the more familiar compounds 
of the aromatic series can be selected advantageously because of 
the greater ease in handling. 

Detailed directions on laboratory operations have been dis- 
tributed throughout the manual. In many instances they may 
be found as notes appended to each section. The general index, 
together with frequent cross references, renders these directions 
readily accessible. Questions are confined to matters directly 
related to the operation being performed and are inserted im- 
mediately after the directions for conducting that operation. The 
manual is essentially free of formulas, equations, and discussions 
of chemical principles. Page references to Desha’s textbook are 
supplied wherever such information is needed. The manual in- 
cludes most of the preparations that are considered standard in a 


JOURNAL OF CHEMICAL Epucatyoy 


first course in organic chemistry. In addition to these prepara. 
tions a large number of small-scale preparations and test-tybe 
reactions have been included. Indeed, it provides considerably 
more work than can be performed in six hours of laboratory work 
per week for a period of one year. 

It is quite obvious that this manual would present its maximym 
utility when used in conjunction with Desha’s classroom text, 
However, the advantages inherent in the adopted order of presep. 
tation warrant the serious consideration of any instructor of 
first-year organic chemistry. 

The fact that this book belongs to the International Chemicaj 
Series requires no further comment on the manner of printing 
and binding. 

R. R. Lecautt 


BUCKNELL UNIVERSITY 
LEWISBURG, PENNSYLVANIA 


TEXTBOOK OF ORGANIC CHEMISTRY. George Holmes Richter, 
John Wiley and Sons, New York City, 1938. vi + 711 pp, 
14.5 X 23cm. $4.00. 


The author in his preface states that ‘‘. . . this book is directed 
specifically to that large body of ambitious students who wish 
to study beginning organic chemistry and gain more than a 
superficial knowledge of the subject. . . The descriptive ma- 
terial is limited to a minimum and such necessary information 
is usually presented in tables... The electron theory of valence 
has not been unduly emphasized. .... 

Therefore, in accordance with the author’s plan, there is 
definitely more material than in the average elementary organic 
text and more than would usually be given in a one-year course, 
The biochemical and pharmacological side has been emphasized 
to an unusual degree. The make up and printing are excellent, 
the text is clearly written, and typographical errors or errors of 
fact are very rare. The subject matter is satisfactorily up to 
date. 

The arrangement is the conventional one, the individual chap- 
ters dealing with the following subjects: the saturated and un- 
saturated aliphatic hydrocarbons (including the cycloparaffines, 
carotene, rubber, Carothers’ theory of polymerization), the 
mono- and polyhydric alcohols (including cholesterol, ergosterol, 
vitamins A, D and Dn», phytol), ethers, aldehydes and ketones 
(sex hormones), monobasic acids (geometrical isomerism), halo- 
gen derivatives of the hydrocarbons (rearrangement of halides, 
relative reactivity, fourteen pages of the Grignard reaction), acyl 
halides, acid anhydrides, esters, oils, fats and waxes (metabolism, 
of fats), acid amides (urea and drugs related to urea), cyanides, 
isocyanides, isocyanates and aliphatic nitro compounds, amines, 
compounds of sulfur, polybasic acids (malonic ester synthesis, 
the barbiturates the Michael reaction, Diels-Alder reaction), 
halogenated acids, hydroxy acids and optical isomerism, aldehy- 
dic and ketonic acids (tautomerism, the acetoacetic ester con- 
densation, ureides and purine derivatives), carbohydrates and 
derivatives (cardiac aglycones, nucleic acid, vitamin C), amino 
acids, and proteins. 

The aliphatic compounds are described in the first four hun- 
dred fifty-six pages, the remainder of the text dealing with 
aromatic and heterocyclic compounds, the chapters being the 
following: benzene, chemistry of the simple aromatic hydro- 
carbons, the aryl amines, the phenols and aminophenols, aro- 
matic arsenic derivatives, aromatic alcohols, aldehydes and ke- 
tones, aromatic acids (tannins, thyroxine), polynuclear aromatic 
compounds (diphenyl, naphthalene, anthracene, and so forth), 
coal-tar dyes (twenty-three pages), heterocyclic systems (in- 
cluding hemin, chlorophyll, and some of the alkaloids). 

The arrangement of the subject matter of a typical chapter 
(Alcohols) follows this plan: definition, isomerism, nomencla- 
ture, classes (primary, secondary, and tertiary, or, as abbre- 
viated, 1°, 2°, and 3°), synthesis, reactions, test for the OH 
group, oxidation, dehydration. This is followed by a more 


specific discussion of some of the individual alcohols, and of the 
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physical properties of members of the series. Glycols, glycerol, 
unsaturated alcohols, saturated cyclic alcohols, and alcohols of 
natural occurrence are treated more briefly. 

F. W. BERGSTROM 


SvANFORD UNIVERSITY 
SranrorD UNIVERSITY, CALIFORNIA 


[NoRGANIC CHEMICAL NOMENCLATURE. A. J. Hammer, Iowa 
State College. Woolverton Printing Company, Cedar Falls, 
Iowa, 1938. iii + 36 pp. 15.5 X 23.5cm. $0.50. 

This pamphlet offers the beginning student an easy introduc- 
tion to the system by which the simpler inorganic compounds 
arenamed. Its chief defect is that the old-fashioned structural 
formulas are used, in which no distinction is made between va- 
lence, valence number, and covalence. If the modern inter- 
pretation were presented many of the formulas would be com- 
pletely altered, and a corresponding alteration in names would be 
suggested. 

There is no attempt to weigh critically and judge between the 
different competing terminologies that we now have as a result of 
more generalized views concerning the nature of acids and bases. 
Furthermore, the special terminology for coérdination com- 
pounds, complex ions, and various classes of newly discovered in- 
organic compounds receive no consideration. The nomencla- 
ture of the silicates has recently been improved, as a result of 
X-ray investigations; yet the silicates receive no space at all. 

Inorganic chemistry needs a critical review of conflicting sys- 
tems of nomenclature and a clear set of rules and definitions. 
The author or someone else might attempt this; it would keep a 
seminar class busy for a good many weeks. 

H. G. DEMING 


UNIVERSITY OF NEBRASKA 
LINCOLN, NEBRASKA 


An INTRODUCTORY COURSE IN PuysicaL CHeEmistTRY. W. H. 
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Rhodebush and E. K. Rodebush. Second Edition. D. Van 
Nostrand Company, Inc., New York City, 1938. xv + 468 pp. 
13.5 X 22cm. $3.75. 


This new ‘‘streamlined’”’ second edition of this text on elemen- 
tary physical chemistry takes the reader at a rapid rate for ten 
chapters and then returns over the road to re-examine some of the 
rough places and make a few excursions along the side roads. The 
first ten chapters include a treatment of the gaseous and liquid 
states from the point of view of kinetic theory, and the usual 
chapter on the crystalline state. After this the author takes up 
equilibrium, its relation to free energy, thermochemistry, and the 
first law of thermodynamics (Chapter V). In Chapter VI, 
equilibrium between phases is discussed and solutions are met in 
Chapter VII. Chapter VIII is devoted to a timely discussion on 
surface chemistry. After a chapter on electrical conductance the 
second and third laws are taken up, and the trip ends as we leave 
the main road on an activity coefficient. 

The chapter on equilibria involving ions (Chapter XI) is well 
written and the idea of ionic crystals is introduced at the begin- 
ning. The reviewer would make a distinction between ‘“‘com- 
pletely ionized’ and ‘‘completely dissociated” (page 247), and 
amore careful distinction between hydrogen ions and protons in 
defining an acid (page 260). 

Chapter XII explains the calculation of activity coefficients 
from electromotive force measurements and discusses the various 
electrodes for determining hydrogen-ion activity. The rules for 
the description of a cell and the conventions as to sign of the 
electrode potentials are clearly given. In the chapter on physical 
Properties the following statement is made. ‘This ‘salting’ out 
effect is easily explained in terms of the dielectric constant.” 
A teacher would have to choose his illustration carefully to retain 
the easy explanation. In Chapter XIV an excellent elementary 
discussion is given of reaction rates, as far as gas reactions are 
concerned, but very little is given on reactions in solutions. The 








199 





final three chapters treat in a more advanced way atoms and 
molecules and their activation. 

In the opinion of the reviewer the book should lend itself to 
use in a wide variety of schools. For shorter courses the first 
ten chapters cover sufficient ground, while for longer courses the 
instructor can cover the first half of the book at his own pace and 
then emphasize and elaborate on any or all of the last seven chap- 
ters as time permits. The idea of teaching the law of chemical 
equilibrium early in the course appeals to the reviewer. 

MarTIN KILPATRICK 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 


INTRODUCTORY QUALITATIVE ANALYsIS. Warren C. Vosburgh, 
Duke University. The Macmillan Company, New York 
City, 1938. vii +222 pp. 14.5 X 21.5cm. 14 figs. $2.25. 


The preface states, ‘“This book is a revision and enlargement of 
a book of the same title written by Dr. Jacob Cornog and the 
author. The present book is adapted to a one-semester course. 
Chief emphasis is on instruction in chemical principles and the 
scientific method rather than on the teaching of an immediately 
practical art.” 

The directions for carrying out analyses have been made ap- 
plicable to either macro- or semimicro quantities by reading mil- 
liliters for the former and drops (20 drops = 1 ml.) for the latter. 
In the author’s laboratory qualitative analysis has been on a 
semimicro scale for the past five years. 

The directions provide for detection of the cations usually in- 
cluded in elementary courses and of eighteen anions including 
silicate. Acetate, borate, cyanide, oxalate, and thiosulfate are 
not considered. 

About equal portions of the book are devoted to laboratory 
instructions and to discussion of underlying principles. After 
sixteen introductory exercises, pp. 10-32, follow directions for 
systematic analysis of cations, pp. 33-71, of anions, pp. 72-89, 
and of solid material, pp. 90-101. Discussion of the reactions 
involved is collected in Part II, Theory, pp. 139-53. 

The methods of analysis are for the most part the conventional 
ones. For the separation and detection of the four alkaline earths 
the scheme of A. A. Noyes is used. Phosphate is removed before 
analysis of Group III by the tin method. Only four organic 
reagents are mentioned. It is admitted that small amounts of 
tin, zinc, magnesium, and some other cations may be missed. 
Teachers using the book are advised of certain limitations as to 
material given out for analysis. 

In Part II the Arrhenius-van’t Hoff theory is presented rather 
fully and is followed by a brief statement of the Brgnsted theory 
of acids and bases. Precipitation and the solubility product 
principle are given extended discussion. Hydrolysis receives 
only moderate attention. Complex ions are barely mentioned, 
and electrode potentials not at all, although the ion-electron 
method of balancing redox equations is discussed and illus- 
trated. In general, the exposition of chemical theory is clear 
and should be readily grasped by students. 

This text should prove useful in courses where not much im- 
portance is attached to analytical accuracy and excessive de- 
mands on the student are to be avoided. 

A. R. MIDDLETON 


PurpDvue UNIVERSITY 
LAFAYETTE, INDIANA 


GERMAN GRAMMAR FOR CHEMISTS AND OTHER SCIENCE STUDENTS. 
John T. Fotos, Professor of Modern Languages, Purdue Uni- 
versity, and John L. Bray, Head of the School of Chemical 
and Metallurgical Engineering, Purdue University. John 
Wiley and Sons, Inc., New York City, and Chapman and 
Hall, Ltd., London, 1938. xxii + 323 pp. 14 X 20 cm. 
$2.25. 

This innovation in beginning German texts is sure to interest 
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anyone wishing to learn or teach chemical German with the great- 
est economy of effort and time. No previous knowledge of 
German required, no prerequisite courses. Start right in: 
Der Wasserstoff ist ein Gas, ein Salz ist eine Verbindung, die 
Lésung ist klar. Practice in grammar and in chemical vocabu- 
lary go hand in hand, and no time is spent in learning words 
which will occur rarely or not at all in chemical literature. 

There is a good chapter on pronunciation. The grammar is 

. built up well as chapter succeeds chapter, always with chemical 
terms predominating, but with general words not neglected. 
The vocabulary is carefully selected, being the result of consider- 
able original research on word frequency in chemical articles; 
the thousand most frequently occurring words are starred. 

Other special features are: a lesson on the use of the diction- 
ary, a list of common abbreviations, German and English names 
and symbols of the elements, many sections on the German 
names of chemical compounds, many sentences from chemical 
periodicals for sight translation, and lessons on such topics as 
the periodic table, valence and atomic theory. There are alsoa 
summary of German verbs, German-English and English-Ger- 
man vocabularies, and a full index. The grammar is the first 
of a series of graduated texts of which the third member, INTER- 
MEDIATE READINGS IN CHEMICAL GERMAN,” by Fotos and Shreve, 
has already appeared. 

The plan works, to the reviewer’s personal knowledge. Stu- 
dents without knowledge of German have used this’ book for a 
year or less and have then been able to read ordinary chemical 
German fairly well. 

Of course, some sacrifice must be made; you can’t eat your 
cake and have it. We in this country are poorly exposed to other 
languages, which is all the more reason why we should give 
attention to them. For most North Americans German and 
French are the most important foreign tongues, and will con- 
tinue to be for some time. They are not only useful tools, but 
doors opening into other cultures, and one can’t understand 
a people well unless he is more or less at home in their language 
and literature. 

The authors recognize that ‘‘where the science student has 
the necessary time for this method of approach [i. ¢., the tra- 
ditional literary one] to scientific German there is no question of 
the cultural and broadening value of such a sequence.” They 
point out, however, that countless students today must acquire 
a reading knowledge of scientific German in less time. 

After all, there may be another side to the matter. It is rec- 
ognized that interest is a prime requisite for learning. The 
science student who finds little interest in German poems and 
stories, and therefore does indifferent work on them, will often 
come to life when presented with scientific material. This may 
be the best approach for such persons, even for cultural pur- 
poses. In other words, if the chemistry student hasn’t time to 
go around to the front door of the German house, or is afraid of 
the formalities there, perhaps we’d better let him in at a back 
door; the main thing is to get him inside. 


AusTIN M. PATTERSON 


AntiocH COLLEGE 
YVeELLow SprRINGs, OHIO 


CHEMISTRY AND Its WonpDERS. Oscar L. Brauer, Professor of 
Chemistry and Physics, San Jose State College, San Jose, 
California. American Book Company, New York City, 1938. 
vi+ 760 pp. 14.5 * 22cm. $2.00. 


CHEMISTRY AND Its WonpERS is a high-school text of the 
newer type. The stress of the book is upon descriptive facts 
and the practical application of chemical principles to the pro- 
duction of the million-and-one products of applied chemistry. 
The seven hundred and thirty pages of this book are replete with 
interestingly written discussions of the many contributions of 
applied chemistry. Elementary discussions of the great prin- 
ciples of chemistry occupy a less conspicuous portion of the text. 
The book is in keeping with the idea that there should be two 
kinds of first courses in chemistry. Mr. Brauer says of his book 


in the preface “‘. . . an effort has been made to depart somewhat 
from the cold formality of a textbook; that is, along with the 
presentation of facts and theories an effort has been made to 
give the book a conversational touch, as though one person were 
speaking to another..... Those students who will not take ap. 
other course in the subject will find that the carefully explaineg 
principles and colorful descriptions give them an understanding 
of many of the hitherto mysterious phenomena. They will also 
find the specialized topics dealing with the application of chemis. 
try to agriculture, cooking, health, metallurgy, warfare, and 5 
forth, both interesting and valuable. For the college prepara. 
tory student there are such topics as the gas laws, chemistry and 
electricity, the periodic system, the internal structure of the 
atom, and chemistry and energy.” 

The book is exceptionally well illustrated with excellent photo. 
graphs and drawings. A number of humorous drawings and 
cartoons are used to make vivid certain points and drive home 
the truths of principles. These illustrations are in accord with 
recent trends in the survey type of book. The book is carefully 
indexed. It contains a brief appendix on ‘“‘the simplified units 
of science” —units of measurement—and a fifteen-page glossary 
of scientific terms. The book is liberally sprinkled with photo- 
graphs and one-page biographical sketches of chemists of the 
present day as well as those of the past. There are brief sum- 
maries at the ends of chapters and many questions at the close 
of discussions within a chapter as well as at the end of the chap- 
ter. A number of these questions are similar in form to many 
found on psychological tests. The book also contains a liberal 
bibliography of excellent supplementary readings, together with 
quite a few questions with direct page references on these parallel 
readings. 

The questions at the close of the chapters and interspersed be- 
tween discussions within the chapter deserve some special com- 
ment. They are divided as follows and are so labeled in bold- 
faced type: ‘Questions of Fact, Questions of Understanding, 
and Additional Exercises for Superior Students.” If one can 
accept these headings, especially the latter one, as good psychol- 
ogy and good pedagogy he will be interested in noting some 
of these questions. The first one of the questions for the superior 
student which is found on page 17 is a very simple arithmetic 
problem which could hardly be classed as a chemistry problem. 
There are no problems in the preceding questions for the student 
who cannot be classed as superior. The reviewer would gravely 
question the wisdom of this introduction to the arithmetic of 
chemistry. In many instances these questions designated for 
superior students seem simpler and less well done than many of 
the other questions. Three distressingly simple questions 
labeled for superior students might be mentioned. Question 
(1), page 84, is as follows: ‘‘Calculate the weight of hydrogen in 
water that will be stored behind Boulder Dam if the water will 
weigh 5,000,000,000 tons. (Water is one-ninth hydrogen.)” 
Question (1), page 394, reads, “What is the regular valence of the 
elements in family number 1.” (Periodic Table.) Question (5) 
on page 563 reads, “Give the number of each kind of atom in 
arsphenamine, whose formula in shown on page 560.”’ Of course, 
not all of the questions for superior students are so elementary as 
these, but many of them are less well done than other features of 
the book. 

The material of this book, Cuemistry AND Its WONDERS, 
is very well arranged and the book is quite readable. It contains 
a vast store of information in regard to the facts of applied chem- 
istry and is relatively free from errors and loose usage of words. 
The more than seven hundred pages give such a wide range of in- 
formation that the book could be used to teach less and less about 
more and more. The student studying this book will certainly 
be left with the definite impression that chemistry touches his 
life rather directly at almost every moment of his existence. 
Those who are looking for a book of the survey type and who be- 
lieve in the pedagogical methods indicated above will be interested 
in this book. 

H. H. FILLINGcER 


Ho.uins COLLEGE 
HOuitns, VIRGINIA 
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CHRISTIAN WILHELM BLOMSTRAND (1826-1897) 


Blomstrand was born October 20, 1826, in Vaxjé, Sweden. 
After attending the local gymnasium, he matriculated at the 
University of Lund, October 8, 1844, where he devoted himself 
first to humanistic studies, but after 1850 to chemistry; he was 
also a laboratory assistant, becoming docent in chemistry in 1854. 

In 1854-55 he taught chemistry and physics in Malm6. Re- 
turning to Lund, he was Pc i s+ in 1856; assistant pro- 
— of chemistry and mineralogy in 1862, and full professor in 


In 1861, he served as geologist and mineralogist in an expedition 
to Spitzbergen. He died November 5, 1897. 

Blomstrand was honored by membership and orders in many 
Swedish and Danish scientific societies. 


His many publications were largely concerned with investi- 
gations in mineralogy and inorganic chemistry. For instance, 
in 1864, he isolated metallic columbium by the reduction of its 
chloride. 

In the field of organic chemistry, he published a textbook and a 
few papers, and his name is associated today with the Blom- 
strand formula for diazonium salt. 

This portrait, taken in 1878, is reproduced through the cour- 
tesy of the editor of the Svensk Kemisk Tidskrift, the number for 
September, 1926 (Volume 38, Number 9) being wholly devoted to 
the memory of this great Swedish Chemist. 


_ (Contributed by F. B. Dains, University of Kansas, Lawrence, 
Kansas.) ) 
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THE DIVISION OF CHEMICAL EDUCATION 
AND THE HIGH-SCHOOL TEACHER. Much has 
been written editorially in recent months about high- 
school chemistry teachers. Now the Division of 
Chemical Education, through its committee on high- 
school chemistry, is asking each high-school teacher of 
chemistry to send in to the Chairman of the Division 
information relative to the three following questions. 

1. What specific problems do you think the Divi- 
sion of Chemical Education committee on high-school 
chemistry and the National Education Association 
committee on the science curriculum should study? 
What definite contributions can they make that will 
help you directly in your classroom work? 

2. Are you willing to work with these committees 
upon specific problems as they are taken up for con- 
sideration? Four such problems are available at the 
present time. 

3. Would you like to have a high-school section 
in the JOURNAL, and if so, what type of material would 
be most helpful to you? 

Science teachers have felt for some time that science 
education has not been keeping pace with the general 
trends in education. Organizations have acted singly 
to solve some of the problems they felt existed. In- 
formation concerning these studies has been available 
only to a limited few. However, an outstanding effort 
is being made this year by the National Education 
Association to reconsider the position and obligations of 
science education as it affects the science curriculum in 
grades 1to14. TheN. E. A. has organized a committee 
which consists of fifteen members. Six of these mem- 
bers represent the N. E. A. and each of the other nine 
members represents a national science organization, 
which is definitely interested in science teaching. 
Three members on this committee are classroom teach- 
ers in secondary schools. Over one hundred consult- 
ants, representing state, district, and local organiza- 
tions have volunteered to assist the committee. This 
committee met in February for a two-day session. It 
meets again in May to map a definite program for the 
coming year. 

Can a committee representing all the science organi- 
zations of the United States really function? Without 
doubt a part of that answer depends upon the codépera- 
tion it receives from participating organizations. 
These organizations in turn are no more effective than 
the individual teachers who compose them. The Di- 
vision of Chemical Education has a committee at work 
now on problems relative to the teaching of high- 
school chemistry. This committee will codperate 
with the N. E. A. committee. 





If the American scene is cluttered with anything 


today, it is cluttered with organizations. No one who 
is truly alive and awake can have missed the competing 
appeals of scores of worth while organizations for his 
membership and support. Few have escaped the 
experience of having joined the wrong organizations 
or having missed joining the right one because they 
lacked information on the services and opportunities 
which various organizations provide. It is in an at- 
tempt to provide this information that we address our- 
selves to the question, ‘‘What does the American Chemi- 
cal Society do for the high-school chemistry teacher?” 

The American Chemical Society for nearly fifty 
years after its origin had no division interested spe- 
cifically in chemical education. Educational policies 
were handled by committees appointed by the Society. 
In 1921, largely through the efforts and enthusiasm of 
the late Dr. Edgar Fahs Smith of the University of 
Pennsylvania, a section, later (1923) the Division of 
Chemical Education, was formed. 

The Division of Chemical Education functions in 
three ways. (1) At the two meetings of the A. C. §. 
each year, three or four half-day sessions are devoted 
to papers, dealing almost wholly with chemical educa- 
tion and technics of value in the classroom. (2) Many 
of these papers and others are published in the JouRNAL 
OF CHEMICAL EpucaTION which the Division sponsors. 
(3) By means of committee work and reports, the 
Division and the A. C. S. contribute directly to all 
chemical teaching. 

Few high-school teachers may be able to attend 
A. C. S. meetings regularly enough to feel themselves 
personally connected with the large organization. 
Many teachers draw within themselves when they be- 
come firmly established and do not care for organization 
activities outside their own school system. To them 
whether the A. C. S. functions or not is immaterial. 
A chemistry teacher, however, who joins the A. C. S., 
volunteers for definite service, attends Society meetings 
when they are in his vicinity, and presents papers be- 
fore the Division when he has worth while contribu- 
tions, will find that membership in the A. C. S. is not 
to be measured by an expenditure of so many dollars 
per year. Funds are not available for the creation of 
interest. Interest must arise from the vision of active 
members and their willingness to work. The basic 
rule for procedure in the Division of Chemical Educa- 
tion, just as in ten thousand other American organiza- 
tions, large and small, is for each member to suggest a 
problem and then help in its solution. 

MakrtTIN V. McGILL 


LorAIN H1GH SCHOOL, LORAIN, OHIO 
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HISTORY of the NAVAL STORES 
INDUSTRY in AMERICA. PART I 


J. MERRIAM PETERSON 


Experiment Station, Hercules Powder Company, Wilmington, Delaware 


HE DAUNTLESS courage of the first settlers 
who came to the shores of North America is a 
familiar story. Whether driven by the hope of 
greater religious and personal freedom or only by ad- 
venturous inclinations, the odds against the sea and 
savages could be met only by a dominant will to do or 
die. Many of the groups set forth poorly equipped to 
meet the hardships they were to face, and often old, 
leaky ships were all that the 
meager resources of the expedi- 
tion could command. During the 
seemingly endless, westward voy- 
age across the Atlantic, constant 
attention to the caulking of the 
seams between the planks in 
the ship was required to seal out the 
lapping of the hungry waves. All 
that stood between life and death 
was this caulked seam of pitch and 
tar. These materials also were 
depended upon to preserve the 
extensive rigging common to all 
wooden sailing vessels of that 
period. It is little wonder, then, 
that the early settlers busied 
themselves in searching for these 
valuable products soon after they 
were able to establish shelters and 
food supplies. 
The resinous secretion of the 


BIRTH OF THE INDUSTRY IN AMERICA 

The importance with which early explorers and set- 
tlers regarded naval stores is emphasized by frequent 
references made concerning these materials in the first 
pages of history of this continent. One of the earliest 
records, three hundred fifty-five years old, is found in 
a report submitted to Sir Walter Raleigh by Philip 
Amadas and Arthur Barlow, who stressed the value of 








pine tree was the source of supply 
for both tar and pitch. The tree 
itself often furnished masts for 
ships, and not infrequently it was 
used for the keel and plank. 
Tar and pitch were stocked in 
every port to which ships sailed and invariably they 
were carried as part of the regular ship supplies. Be- 
cause of the close association of the pine tree and its 
products to shipbuilding and repair, it was only natural 
that the pine-tree industry became known as the ‘‘naval 
stores industry.” It retains this name today, in spite 
of the fact that the substitution of steel for wood in 
shipbuilding and the development of more widely di- 
versified uses for pine-tree products have crowded the 
former principal use in connection with ships into a 
position of minor importance. 
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IN THE HEART OF THE VIRGIN LONGLEAF PINE FOREST 
Because products derived from these virgin pine forests were used chiefly for build- 
ing and repairing wooden ships during early history, the industry became known as 
the ‘‘Naval Stores Industry.”” The name is retained today, although pine-tree prod- 
ucts are employed almost exclusively for other purposes. 


the great forests of pines which they found in the new 
world during a visit to the shores of North Carolina in 
1584. Specific mention of trees which would yield 
pitch, tar, rosin, and turpentine was made by Thomas 
Heriot two years later in his “Brief and True Report” 
which he sent to Raleigh. Later explorers likewise 
recognized the abundant wealth to be derived from 
these vast, virgin pine forest resources found from the 
Spanish settlements basking in Florida sunshine to the 
French colonies struggling to survive the frigid blasts 
in Canada. 
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The birth of the industry in America is traced first to 
the French in Nova Scotia who, in 1606, crudely ex- 
tracted turpentine from the sluggish veins of the Nova 
Scotia pine tree, twenty-two years after Raleigh’s first 
expedition came to the islands off the coast of Carolina. 
What use those Frenchmen in that lonely settlement 
made of the turpentine no one can say, but the most 
plausible explanation is that it was needed for medicinal 
purposes. In all probability they converted the wood 
into pitch and tar. but there is no record to show that 


Courtesy of Thomas Gamble 


Copy OF THE ORIGINAL PETITION UNDER WHICH 
MASSACHUSETTS ESTABLISHED A MONOPOLY, IN 
1671, FOR PRODUCING TURPENTINE, PITCH, 
MASTICKE (ROSEN) AND TAR 


any of these products ever were exported. From this 
small and humble beginning, the industry expanded, 
slowly at first and then with greater rapidity, to grow 
into one of America’s leading industries. 


EARLY HISTORY IN VIRGINIA 


The following year (1607) Jamestown was settled and, 
according to the ‘‘Economic History of Virginia,’ by 
Philip A. Bruce, the third important motive for the 
colonization of Virginia was the expectation that the 
new country would supply a large number of articles 
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which the English people at that time were compelled 
to buy from foreign nations. The importation to Eng. 
land of tar, pitch, rosin, flax, cordage, masts, yards, 
timber, and other naval stores from the magnificent 
forests of Russia and Poland had been the chief source of 
profits of the Muscovy Company organized in 1554, 
However, this company was operating under rather 
serious difficulties. It could send out an expedition to 
Russia only at one season in the year because at other 
times the ice of the northern waters offered impassable 
obstacles to navigation. The expanding trade of the 
Dutch with Russia gave keen competition and lowered 
the margin of profits. There was the constant threat 
that the King of Denmark would impose a higher tax 
upon foreign cargoes traversing the Baltic, and the 
Hanse communities south of Denmark were attempting 
continually to deprive the Muscovy Company of the 
right of way in the northern seas. As a result of this 
situation, eight Dutchmen and Poles were dispatched 
to Virginia in 1608 to be employed in the manufacture 
of pitch, tar, glass, soap, and so forth. 

When Captain Newport returned to England in the 
same year, his cargo included the colonies’ accumulation 
of the pine-tree products. In spite of the great value of 
the delivery of these commodities to England, to many 
they appeared to be a poor substitute for the discovery 
of the members of the lost Roanoke Colony and lumps 
of gold of fabulous value, or the proof of the nearness 
of Virginia to the South Sea, missions which had been 
included in Newport’s orders as he left England. This 
naval stores shipment is the first known to be made 
from what is now the United States to England, and 
thus the industry in this country is at least three hun- 
dred thirty-one years old this year (1939). In this con- 
nection, it is interesting to note that, aside from hunt- 
ing, fishing, and agriculture, which were activities es- 
sential in sustaining life itself, the naval stores industry 
has the distinction of being the oldest major industry 
in America. It undoubtedly was a leader in first fur- 
nishing products for exportation. 

In 1610, there was drafted for the Virginia Colony: 
‘Instructions for Suche Things as are to be Sent from 
Virginia.”’ ‘Hard pitche, Tare, Turpentyne, and Roz- 
ens’ are among the items mentioned. These directions 
state: 


“Pyne trees, or ffirre trees, are to be wounded within a yarde 
of the grounde, or boare a hoal with an agar the third pte into the 
tree, and lett yt runne into anye thinge that may receyve the 
same, and that wch yssues owte wilbe Turpentyne worthe 18£ 
Tonne. When the tree beginneth to runne softelye yt is to be 
stopped vp agayne for preserveinge the tree. 


However, several factors prevented the industry's 
prospering in Virginia. The first adventurous settlers 
under the leadership of Captain John Smith were too 
busy seeking gold in nearby streams to be interested 
in extracting ‘“‘turpentyne’” for eighteen pounds pef 
ton. Furthermore, the pine trees in this territory were 
not numerous except near the coast, along the shores 
of the Bay, and at the miouths of large streams. This 
limitation is noted in a communication, written in 1622 
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by the authorities in Virginia to the Company in 
London, to the effect that the industry never could 
become profitable in that locality because of the scat- 
tered supply of pine trees. Another important factor 
was that tobacco and slaves soon became a more at- 
tractive source of revenue. Repeated attempts to 
direct interest back to naval stores were quite unsuc- 
cessful. For example, as a means of encouraging pro- 
duction, an order was issued in 1664 to admit tar and 
pitch from the colonies to England for a period of five 
years without the regular duties imposed upon such 
materials. While turpentine production in Jamestown 
never became profitable, tar making finally did expand 
to an infant industry that flourished for many years. 

An interesting sidelight worthy of mention may be 
gleaned from the records of the period during which 
England was importing naval stores from foreign coun- 
tries. As England carried little merchandise into these 
countries, it was necessary to purchase such indispen- 
sable commodities principally with coin, thus establish- 
ing an adverse balance of trade. The condition was 
considered at that time to be fruitful of many evils, in- 
cluding the impoverishment of the people by the with- 
drawal of money from the country, and the certain in- 
terruptions of these supplies in the event of war. By 
modifying slightly a part of the phraseology and a few 
terms, this fear may be transcribed into a modern one, 
which more than three hundred years later, still is a 
major international problem and continues to keep the 
world in a state of turmoil. 


ACTIVITY IN NEW ENGLAND 


Meanwhile the industry had fared somewhat better 
farther to the north in bleak New England and one 
need only refer to the prominence in this locality of 
“pine-tree flags,’’ ‘‘pine-tree shillings,” ‘‘pine-tree 
inns” to appreciate the réle that pine trees played in 
the early economic and industrial history of this sec- 
tion of the country. The sturdy and industrious set- 
tlers of the Plymouth and Massachusetts Bay Colonies 
were engaged in the industry soon after they became 
established. One of the earliest requests of the ‘‘Pil- 
grim Fathers’ to England was made in 1628 for ‘‘men 
skylful in making pitch.”’ The thrifty pioneers were 
quick to realize that they could promote effectively 
their own financial welfare from the money derived from 
the pine tree and at the same time serve the interests 
of their Mother Country. 

A monopoly for the purchase of naval stores was en- 
acted, in 1670, by the General Court in the Plymouth 
Colony which provided ‘“‘that all the tarr made in the 
goument shalbe sold to some psons within the collonie 

.”’ The following year the General Court of 
Massachusetts Bay Colony established a monopoly 
of production rather than of purchase. Reproduction of 
the original petition of Mr. Richard Wharton and Mr. 
John Saffyn who desired this monopoly is given here- 
with. This peitition was granted on June 8, 1671, in 
the following order of the General Court: 


205 





“Mr. Richard Wharton and Mr. John Saffyn, merchants & 
company, hauing by their petition to this Court, proposed for 
the advantage of trade in generall, & raysing of vsefull comoditjes, 
perticularly declaring they haue procured artists for raysing & 
producing great quantitjes of pitch, rozin, turpentine, ojle of 
turpentine, & masticke, for effecting whereof, as their is sufficjent 
matter (as they conceive) in the pyne & cedar trees of the country 
to produce the same, so it will be (as they alleadge) a matter of 
great charge to the vndertakers to effect it; therefore desire they 
may, vpon termes, haue the sole liberty for a considerable time 
to produce & make the same, & all others to be prohibited of that 
liberty within this jurisdiction. 

“It is therefore ordered by this Court & the authority thereof, 
that no person or persons inhabitting within this jurisdiction, 
excepting the aboue sajd Richard Wharton, John Saffyn, & 
company, & their assigns, shall make or produce (any otherwise 
then hath binn practiced in former tjmes in this country) any 
pitch, rozin, turpentine, oyle of turpentine, or masticke of the 
pine or cedar trees in this jurisdiction, for the space & terme of 
tenn yeares next following the date hereof (excepting what par- 
ticular persons shall make for their oune vse, & not for sale), and 
that no person or persons whatsoeuer, excepting the sajd Whar- 
ton, Saffyn, & company, shall import into this jurisdiction any 
of the aboue sajd commoditjes from any parts of America for 
the aforesajd, and these vpon the forfeiture & confiscation of the 
sajd goods or commoditjes so produced or imported, the one halfe 
to the informer that shall prosecute the same, & the other halfe 
to the country; and further, for incouragement to the said vnder- 
takers, this Court doeth hereby grant them the vse of the pyne 
and cedar trees within the compasse of fiue thousand acres of 
land for that vse, in seuerall places, where they shall finde it most 
convenient for them, for the said terme of ten yeares, which is 
not appropriated or granted; prouided allways, that what of the 
sajd comoditjes the said Wharton & company shall make & pro- 
duce shall be sold for the vse of the country at reasonable rates, 
the pitch & rozin not exceeding fiueteene shillins p each hundred 
weight, to be deliuered at Boston; and also pay sixe pence p cent 
of each of the sajd comoditys, pitch & rozin, of, what they make 
out of common timber, or els this present act & order to be 
voyd & of none effect as to any or so many onely of the sajd como- 
ditjes they shall faile to make & supply the country wth all as 
aforesaid.” 


The creation of such monopolies is of particular in- 
terest since it was an uncommon practice in early Ameri- 
can history. However, it was in accord with a statute 
created in 1623 during the reign of James I, which 
abolished the greatly abused system of monopolies with 
certain exceptions as the manufacture of war supplies 
and materials such as naval stores. 

The industry spread to neighboring colonies and ex- 
panded rapidly; in fact it flourished to the extent that 
before long its destruction was brought about by the ex- 
haustion of the trees which were comparatively limited, 
in number. What few pines were allowed to replenish 
the land grew slowly in the northern climate. 

Meanwhile various protective measures were at- 
tempted, but either they were not sufficiently effective 
or time had already collected its toll. As early as 1650, 
settlements along the banks of the Connecticut River 
prohibited the use of wood within six miles of the river 
for the manufacture of tar, although it could be gathered 
for fuel and illumination. Later, the wholesale removal 
of trees on Cape Cod gave full sweep to the wind which 
lifted the sand and carried it into the harbor. The new 
difficulty, that of filling in the harbor, combined with 
the ruthless waste of the pine demanded action and, 
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in 1715, Massachusetts passed a conservation act to 
protect the owners of pines. This, perhaps, was the 
first legislation of its kind in America. The act pro- 
vided that: 


‘‘Whereas, there has been waste and stroy made of pine trees, 
and other timber within this province: For protection whereof 

“Be it enacted by his excellency, the governor, council, and 
representatives, in General Court assembled, and by the authority 
of the same: 

“That from and after the publication of this act no person or 
persons may presume to cut or carry off any tree, or trees, or 
timber, bark or box any pine tree or trees for the drawing of tur- 
pentine standing upon any of the lands belonging to this province, 
proprietors, townships or particular persons, without leave or 
license first had and obtained from the owner or owners thereof; 
on pain of forfeiture and payment 


In spite of these measures, the New England pine 
tree was the first to tell the now familiar story that 


Courtesy of Thomas Gamble 


Copy FROM THE ORIGINAL ACCOUNT FOR PURCHASING 
AND HANDLING TURPENTINE AND TAR IN 
MASSACHUSETTS IN 1722. PROBABLY 
OLpEsT ExISTING DOCUMENT OF 
Its KInp IN Tu1s COUNTRY 


repeatedly has marked our history of what can happen 
under the system of greedy and indiscriminate slaughter 
of natural resources. 
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PROGRESS IN THE SOUTH 


While the infant naval stores industry grew from the 
cradle to a sturdy child in New England, it remained 
for the South to develop it through its youth to robyst 
manhood. Soon after the first permanent settlement 
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LEAF, CONE, AND TRUNK OF THE LONGLEAF PINE 


The longleaf pine once was the principal source of naval 
stores wealth; now an appreciable quantity of slash pine is 
being used for this purpose 


in North Carolina in 1665, the supremacy in tar, pitch, 
and turpentine manufacture gradually was swept 
southward where the longleaf pine gave so much more 
abundantly of its resinous contents than did the pitch 
pine of New England. Almost the entire coastal plane 
along the Atlantic Ocean, more than 100 miles broad 
and extending 600 miles southward from near Norfolk, 
Va., to Florida, and the Gulf plane reaching from 
Florida around to Texas, abounded with a seemingly 
inexhaustible supply of trees. These stately monarchs 
of the virgin forest stretching upward to sunny skies, 
filling all the air with a fragrance of penetrating fresh- 
ness, and giving rise to the soft characteristic sigh of the 
breeze as it brushed past their graceful branches, com- 
pleted the picture of tranquillity in its entirety which 
greeted the first settlers in this region. Such an inspira- 
tion, with climatic conditions so favorable for its per- 
petuation, was deserving of a better fate than that 
which was immediately in store for it. 

As soon as the bare necessities of life were satisfied 
reasonably well, the attention of the Carolina pioneers 
was directed, as had been the case with early settlers in 
New England, toward money crops suitable as trading 
commodities with which commercial relations might be 
established with other colonies and other lands. Where 
else could a better and more abundant storehouse for 
such materials be found than the unbroken pine forests 
at their very door? The industry grew steadily and, 
with its growth, little ports sprang into existence if 
this section of the South as connecting links with mat- 
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kets beyond. Of first prominence came Boston and 
New Bern, and later Wilmington, N. C., which was 
destined to become the undisputed leading port for 
naval stores. 

A high freight rate to England was one of the chief, 
early difficulties which hampered the industry. Cor- 
rective measures were undertaken, in 1704, in the form 
of a petition which asked for government assistance, 
and shortly afterward a bounty of 10 shillings a barrel 
on tar and pitch was established. 

Various other legislative measures were enacted 
which favored the expansion of the industry. In the 
early part of the eighteenth century, the records of 
the General Court show that debts frequently were set- 
tled by an exchange of ‘“‘Merchantable Pitch” or tar or 
turpentine. In 1719, the Assembly of South Carolina 
fixed values for naval stores in the payment of rents 
for lands, and similar acts also were passed in 1723 and 
1728. The latter act established by law the values per 
barrel for such “‘rated commodities as follows: pitch, 
1 pound; tar, 12 shillings 6 pence; turpentine, 1 pound 
5 shillings.’’ In the absence of much coin, these ma- 
terials became important items of legal tender. 

On the other hand, pitch, tar, turpentine, masts, and 
yards all were made “enumerated articles’ in 1728, 
which required that they be landed in England before 
they could be carried to any foreign port. This law 
caused serious inconvenience and expense, and resulted 
in considerable complaint. 

Gov. Johnston issued a proclamation in 1736 offering 
a reward of 20 pounds currency to any person discover- 
ing a person burning lightwood for pitch and tar without 
ever taking out ‘‘Pattents’’ or paying quit rents for the 
lands. 

The first law regulating the quality and package be- 
came effective in 1715 and stated that pitch and tar 
barrels must hold thirty-one and a half gallons each. 
It provided further that: 


“All barrels which shall be exposed to sale shall be made of 
timber seasoned at least six months after the riving of the staves 
not less than half an inch when wrought; the heading not less 
than three-quarters of an inch and well dowelled; twelve good 
substantial hoops on each cask and the whole to be tight and 
workmanlike. And every cooper making barrels or any other 
persons making the same before they deliver or expose the same 
to sale shall set his or their proper Brand Mark upon every Bar- 
rel, which Mark he or they shall cause to be recorded in the office 
of the Precinct where he or they shall reside or dwell.”’ 


It was further provided that penalties of “double 
damages to the party injured’’ be assessed against 
violators. Several inspection regulations, passed in the 
period about 1750, required certificates of inspection 
for all exports. 

In 1758, an act was passed which provided that: 


“Inasmuch as it is difficult in warm and rainy weather to 
separate tar from water it is declared that water shall not be ac- 
counted a fradulent mixture in tar but that in such cases the 
barrels shall not be branded by the inspector until the same is 
as free from water as it can be made.” 


At this time, rosin was sold in wooden casks contain- 
ing about twenty stone-weight, an English unit equiva- 





207 









lent to about fourteen pounds. This weight was so 
firmly fixed in those days of international trade that, 
although the stone-weight is no longer used in the 
United States, the two hundred eighty pound rosin bar- 
rel price basis still persists almost universally. Today, 
rosin usually is shipped in the commercial or round bar- 
rel which weighs approximately 500 pounds gross or 420 
pounds net and this unit customarily is used now for 
production statistics. 

Exports from North Carolina had increased by 1753 
to 61,500 barrels of tar, 12,100 barrels of pitch, and 
10,400 barrels of turpentine. By 1770, the exports had 
grown to 88,000 barrels of tar, 21,000 barrels of pitch, 
and 88,000 barrels of turpentine. A sharp decline natu- 
rally came with the advent of the Revolutionary 
War. The Continental Congress, recognizing the im- 
portance of naval stores, provided, on February 3, 1776, 
for the exportation of these materials from one state 
to another when wanted. On May 21, 1777, it ordered 
that the large stock of tar at Wilmington, N. C., and 
all other naval stores should be removed to places of 
security or destroyed rather than be possessed by the 
enemy. 

Following the Revolutionary War, naval stores pro- 
duction again swung upwards and, by 1800, Wilmington, 
N. C., enjoyed a position among the leading ports of 
the world for shipment of turpentine and tar. During 
the first half of the nineteenth century the Carolinas 
were almost the sole source of supply of naval stores in 
America. The 1850 census given in Table 1 shows 
how the Carolinas dominated the industry. 


TABLE 1 

DISTRIBUTION OF NAVAL STORES PRODUCTION BY STATES IN 1850 

No. Per cent. of 

State Plants Value Output Total Output 
N. Carolina 785 $2,476,252 87.3 
S. Carolina 40 235,836 8.3 
Georgia 14 55,068 1.9 
Florida 7 29,671 5.3 
Mississippi 5 19,680 Py 
Alabama 4 17,800 6 
Louisiana I 1,750 Pe 
Total 856 $2,836,057 100.0 


The Carolinas continued to lead the field until many 
years after the Civil War. North Carolina reached the 
maximum production in naval stores in the decade of 
1870 to 1880. In 1872, Wilmington handled 112,000 
casks of spirits turpentine, 568,000 barrels of rosin, 
38,000 barrels of tar, and 18,000 barrels of crude turpen- 
tine, the crude material having been displaced largely 
with the home distillation of spirits turpentine from the 
gum. 

Meanwhile, the industry had expanded to other 
southern states and soon ports, such as Savannah, 
Jacksonville, and Brunswick, were to almost totally 
eclipse Wilmington’s prestige as a naval stores port. 
The Carolinas gradually faced the fact that their forests 
were rapidly becoming exhausted and that their ex- 
clusive leadership for nearly two centuries was about 
to pass away forever. The rapid decline of their posi- 
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tion is shown readily in Table 2. Application of re- 
forestation methods and intelligent forest management 
has been responsible for the small improvement in 
the Carolinas’ position in recent years. 


TABLE 2 
Deciine Or CAROLINAS’ PRODUCTION OF NAVAL STrores IN UNITED STATES 
Year Per cent, supplied by Carolinas 
1840 100 
1850 06 
1860 90 
1880 62 
1890 40 
1900 9 
1905 5 
1909 t 
1919 
1920 
1937-1938 
season 


At the turn of the present century, Florida held the 
lead as the naval stores producing state, with Georgia 
not far behind. During the next twenty years, the 
Southwestern territory became increasingly important 
in this production. From 11 per cent. of the crop in 
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GEOGRAPHIC LOCATION OF RAW MATERIAL FOR NAVAL 
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pine. Map prepared by the United States Forest Service. 


1905, the three states of Mississippi, Louisiana, and 
Texas advanced in relative importance until they fur- 
nished over 30 per cent. of the total at the close of the 
World War. However, the gain was soon lost as Georgia 
forged ahead rapidly until the output of the latter state 
accounted for 57 per cent. of America’s total during 
the 1937-38 season. It becomes more and more evident 
that the future of the American naval stores industry 
lies in Georgia and Florida, which together contribute 
83 per cent. of the present domestic supply. Georgia 
with an enormous acreage of regrowth of longleaf and 
slash pines, and an abundant reworking of old trees, 
promises to hold its supremacy for at least many more 
years. 

The shift in relative production by states for recent 
years is shown in Table 3. 

The approximate average annual productions of rosin 
and turpentine for five-year periods since 1890 for the 
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United States are tabulated in Table 4. During this 
period, the 1908-09 season was the greatest, with 2,500,. 
000 five-hundred-pound barrels of rosin and 750,000 


TABLE 3 

PERCENTAGES OF PRODUCTION SUPPLIED BY VARIOUS STATES 
1910 1914 1918-19 1929-39 1937-3% 
10,1 10,1 12.2 6.3 9,7 
Florida 41.9 ‘ 45.8 36.9 31.5 26.4 
Georgia 31.2 25. 23.1 19.3 50.8 57.0 
Louisiana é 2.{ 8.4 15.5 : 
Mississippi § 8.8 9.4 4.1 
North and South 

Carolina 5.7 3. 4 <a 3.8 
Texas ; —. 2.4 _ 6.3 a 

100 100 100 100 100 


State 1905 


Alabama 


“ Texas included with Louisiana. 


fifty-gallon barrels of turpentine. The minimum pro- 
duction was reached in the 1918-19 season with 
1,242,000 barrels of rosin and 359,000 barrels of turpen- 
tine. 


TABLE 4 


APPROXIMATE AVERAGE ANNUAL PRODUCTION OF ROSIN AND 
TURPENTINE in UNITED STATES 


Average Annual Production 
Rosin Turpentine 
(500-1b. bbl.)4 (50-gal. bbl.) 
1,720,000 515,000 
1,950,000 585,000 
1900-05 2,185,000 655,000 
1905-10 2,140,000 643,000 
1910-15 2,209,000 654,000 
1915-20 1,700,000 518,000 
1920-25 1,911,000 560,000 
1925-30 2,254,000 639,000 
1930-35 2,113,000 575,000 
1935-36 season 2,275,000 601,000 
1936-37 season ,318,000 596,000 
1937-38 season 2,382,000 614,000 


Period 
1890-5 
1895-1900 


@ Gross weight. The net weight is approximately 420 pounds. 


In 1935, it was reported* that the entire industry 
employed 27,200 wage earners and 1100 salaried em- 
ployees in 875 establishments. Wages and salaries com- 
bined amounted to 7,500,000 dollars. Actually, the in- 
dustry is much larger than is indicated by these statis- 
tics, because the census upon which they are based does 
not completely cover the industry, especially in the 
case of many of the smaller operators. 

Financially, the naval stores producer in the South 
has had his ups and downs as in other industries. The 
annual average net cash returnt to the producer has 
varied widely since the World War. The high mark 
was reached in the 1919-20 season with a return of 
63,509,000 dollars, with a low return of only 13,792,000 
dollars for the 1932-33 season. The 1937-38 period 
yielded a net cash return of 27,427,000 dollars. The net 
cash proceeds per unit of one barrel of turpentine and 
3'/3 barrels of rosin varied from 153.01 dollars in 1919- 
20 to 30.65 dollars in 1932-33, compared with 54.31 
dollars for the 1937-38 season. For the six years of 


* Round numbers taken from the last report made by the 


Government Bureau of Census. 
t Based upon compilation of the Carson Naval Stores Co., of 


Savannah and Jacksonville. 
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acute depression, 1930-31 to 1935-36, inclusive, the 
average was 39.40 dollars per unit, with a value of 79.27 
dollars per unit for the six preceding years. For the 
thirteen years 1917-18 to 1929-30, inclusive, the av- 
erage of the unit net return was 83.44 dollars, or 29.13 
dollars more than the net return for 1937-38. Turpen- 
tine dropped to the lowest price in forty years, 14.65 
dollars per 50-gallon barrel, during the past season but 
the average return of 11.90 dollars per barrel of rosin 
was sufficiently high to maintain the unit proceeds to 
93.66 dollars more than the 1932-33 low. 


AMERICA DOMINATES WORLD’S PRODUCTION AND 
CONSUMPTION 


The United States is the greatest producing and con- 
suming country of naval stores in the world. It supplied 
approximately 80 per cent. of the world’s total for the 
1908-09 season which yielded the all-time high pro- 
duction for the world as well as domestically. Since 
then, America gradually has been losing ground as the 
dominating source of naval stores supplies, and by 1930 
it was producing only approximately two-thirds of the 
total. Renewed efforts in recent years in foreign coun- 
tries toward programs of self-sufficiency have decreased 
further America’s leadership to about 53 per cent. for 
the 1937-38 season. It is rather significant to note that 
the increase in foreign production during the past 
season more than offset the lower production in this 
country, to push the world’s supply approximately to 
the 1908-09 high mark. 

France always has been America’s closest rival, usually 
producing approximately 15 to 20 per cent. of the 
world’s output. Russia’s development during the past 
few years has been especially rapid, with an increase of 
nearly eightfold in its production since 1930. Portugal, 
Greece, Mexico, and Poland also have shown consider- 
able increases recently. The world’s production of 
gum spirits turpentine by countries as estimated for the 
1937-38 season is given in Table 5. The distribution is 
approximately true for rosin also since the output of 
rosin in proportion to turpentine averages about three 
barrels of rosin to one barrel of turpentine. In Amer- 
ica, the ratio obtained from the gum dip is more nearly 
three and one-third barrels of rosin for each barrel of 
turpentine. 


TABLE 5 


ESTIMATED PERCENTAGES OF WoRLD’s NAVAL STORES PRODUCTION 
SuppLiep BY VARIOUS COUNTRIES FOR 1937-38 SEASON 


Country Per cent. of World Supply 

United States of America 53.2 
France 14.2 
U.S.S.Russia 8.4 
Portugal 6.9 
Spain 5.1 
Greece 3.4 
Mexico 2.6 
Other Countries 6.2 

Total 100.0 


At the present time, the United States is exporting 
nearly one-half of its naval stores products. A gradual 
decline in exportation has occurred during recent years. 
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Rosin and turpentine occupied the fortieth and nine- 
tieth positions, respectively, in the list of one hundred 
commodities rated* in 1937 according to their con- 
tribution in values to our foreign trade. The combined 
value of the exported rosin and turpentine was approxi- 
mately 20 million dollars. About 56 per cent. of the 
exported rosin went to Europe, and the corresponding 
figure for turpentine is 75 per cent. United Kingdom, 
Germany, Netherlands, and Sweden, in the order 
named, are our best customers in Europe, while South 
America and Japan account for the bulk of our exports 
outside of Europe. 


EARLY METHODS OF PRODUCTION 


Methods known to the early settlers in this country 
for producing naval stores had a ripe old heritage. Cer- 
tain essential features of the process had been handed 
down from the beginning of recorded history. Natives 
of ancient Asia many centuries before Christ prepared 
pitches and oils from resins of trees that grew on the 
shores of the Mediterranean. The resin was placed in 
pots and cooked down to a thick pitch, while fleecy 
sheep skins stretched over the pots collected the rising 
vapors of the oil which subsequently was recovered by 
wringing the fleeces. It is recorded that Noah in 
building the Ark was commanded to “‘pitch it within 
and without with pitch.’”’ The Egyptians had some 
knowledge of the medicinal value of the oil, and also 
used it in the age-enduring varnish for mummy cases. 

During colonial days, the old kiln method usually 
was used in making tar and pitch. Dead pine wood, 
which seldom decayed because of its high resinous con- 
tent, was gathered for the purpose. Among tar makers, 
the dead wood was known as “‘fat lightwood,’’ possibly 
deriving its name from the fact that it ignited easily 
and burned rapidly, since it was anything but light 
wood in weight and color. After the wood was cut into 
convenient sizes, often about two or three feet in length 
and two or three inches thick, a suitable place was pre- 
pared for piling it. For that purpose, a circular mound 
was raised which sloped slightly from the circumference 
to the center. The surface of this mound often was 
packed hard and coated with clay, except for a hole in 
the center which in turn was connected by a conduit to 
an outer basin dug in the earth. Upon this base, the 
wood was stacked radially like the spokes of a wagon 
wheel. The diameter of a pile required to produce one 
hundred barrels of tar measured about twenty feet at 
the base and increased to nearly thirty feet at the top, 
ten or twelve feet high. The kiln was completed by 
covering the wood with pine leaves and then with clay 
or sod. This covering was necessary to prevent the 
fire, which was kindled at the top, burning too rapidly, 
as it was necessary for the fire to penetrate to the 
bottom of the pile with slow and gradual combustion. 
The process was somewhat similar to that employed 
in making charcoal and required constant attention. 





* Compilation in 1937 by the Foreign Commerce Department 
of the Chamber of Commerce of the United States. 
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Eight or nine days often were required for the burning 
operation of one pile. During this time the tar was 
drawn off continuously into the outer earthen basin 
from where it was dipped up and poured into thirty- 
gallon casks. The average yield was approximately 
one barrel per cord of light wood. Pitch was produced 
by boiling down the tar to about one-half its volume, 
the actual amount depending, of course, upon the con- 
sistency of pitch desired. 

In another method sometimes used, the resinous ma- 
terial was placed in clumsy pots or kettles and heated 
until a large portion of the volatile material had been 
driven off, not unlike the method used centuries before. 

















(From Harper's Magazine, 1857) 


MAKING TAR IN NorTH CAROLINA IN 1851 


Dead pine wood, known as “fat lightwood,” 
stacked and subjected to slow combustion produced ap- 
proximately one barrel of tar per cord of wood. Pitch was 
produced by boiling down the tar to about one-half its 
volume 


The pitch remained in the kettle and was separated 
from as much foreign matter as possible by straining. 
The more modern retort process had its real beginning 
in 1834 with the introduction of the copper kettle and 
condenser worm. 

Turpentine was produced in the early days from a 
sticky material which, today, we call gum dip or oleo- 
resin, obtained by making incisions in the trunk of the 
living tree. Technically, the oleoresin is not the sap 
of the tree which circulates through the fibrous cells of 
the sapwood and cells of the soft inner bark, but is as- 
sociated with the excess of materials stored inside the 
wood not used up in the production of wood, leaves, 
and bark. 

Until the present century, almost all the oleoresin 
was obtained by the wasteful box method. The boxes 
or pockets were cut into the base of the tree usually 
during the winter when the circulation of the oleoresin 
was atthe minimum. On large trees two or more boxes 
were made, care being taken to leave. several inches of 
untouched bark to permit the flow of sap required to 
sustain the life of the tree. 

In shaping the boxes, skilful axemen first cut with 
rhythmical, ringing strokes of long, narrow-bladed keen 
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axes, seven or eight deep incisions obliquely down the 
trunk about five inches from the ground. A smooth, 
crescent-shaped pocket, usually with a capacity of 
three or more pints, depending upon the size of the tree, 
was then swiftly hollowed out behind the first incisions, 
toward the heart of the tree. Two notches or gutters 





DIPPING THE GUM FROM THE Box 


In the old box system, the gum was dipped from the box at 
intervals of three to five weeks, depending upon weather con- 
ditions. Generally there were about eight dippings during the 
producing season. Photograph from ‘‘Naval Stores—His- 
tory, Production, Distribution and Consumption,’’ edited 
by Thomas Gamble, Review & Publishing Company, Savan- 
nah, Georgia, 1921 


about three inches long were next cut into the tree, ex- 
tending upward and obliquely from opposite corners of 
the box. The secretion that exuded from the edges of 
the wound was conducted in these gutters to the cavity 
in the tree from where it could be collected. A good 
axeman could cut one hundred twenty-five boxes in a 
day. 

The ground at the foot of the tree often was cleared 
carefully for the purpose of reducing the fire hazard, 
for if flames ever reached the boxes already impregnated 
with turpentine, the boxes became useless and others 
had to be cut. Sometimes, before the boxes were 
cut, the woods were burned over to destroy the under- 
growth. 

The box usually became filled by the middle of April, 
when the oleoresin was dipped out into pails and thence 
emptied into barrels dropped here and there at con- 
venient places. A dipper usually dipped out approxi- 
mately four barrels daily. 

To increase the yield of gum dip by causing the pores 
of the tree to remain open and bleed freely, a thin slice 
was cut horizontally from the upper edge of the box. 
This work of chipping, as it was called, was repeated 
each week from about the middle of April to about the 
middle of September. The boxes usually were filled 
about every three weeks. 

The chipping extended the first year a foot above the 
box. After five to ten years, the tree often was abat- 
doned. The upper part of the wound became cica- 
trized but the bark never was restored sufficiently for 
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the renewal of the process. The tree then could be 
used for lumber, although a grade was obtained some- 
what inferior to that produced from the unwounded 
tree. 

Spirits of turpentine was made by distilling the gum 
dip or crude turpentine in large retorts and condensing 
the vapors. The residuum of the distillate was rosin 
which was allowed to run off through a strainer to 
barrels where it congealed. 

The mining of rosin seems a bit paradoxical but this 
method of production is an interesting historical side- 
light of the industry. It came about in this way. 








GuM TURPENTINE AND ROSIN STILL 


Much of the gum turpentine and gum rosin are produced in 
small stills of which the above is a typical example. Over one 
thousand such stills are now in operation iu the southern 
states 


Rosin often was a drug on the market from the day the 
distillation of spirits of turpentine began until as late 
as the “‘panic’” of 1892. Consequently, instead of 
running off the molten rosin from the stills into barrels, 
it was frequently turned into a ditch, creek, or lake or 
other convenient dumping ground. It never occurred 
to anyone at that time that these rosin beds later would 
be sought for and mined. But this is exactly what 
happened when, after many years, the price of rosin 
made recovery profitable and many barrels of rosin actu- 
ally were mined from the little graveyards of rosin 
which were scattered quite widely through North Caro- 
lina where earlier production was the heaviest. 

The box method for obtaining the gum dip was a 
wasteful and inefficient method technically, as well as 
being destructive of timber. The introduction of the 
cup method was the greatest modern contribution to 
the gum industry. For the box cut into the tree, this 
method substitutes a small cup which hangs below the 
chipped face, the gum being directed to the cup by a 
small gutter. As far back as 1869, A. Pudigon, an 
operator in South Carolina, tried out a rough form of 
the present cup system but was not successful, partially 
because of its impractical design and partially because 
of the prejudices of the producers of that period against 
innovations. J. C. Schuler, in 1895, attempted to in- 
troduce the system into Louisiana and initially was 
partly successful, but the experiment was expensive 
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and his backers refused to continue the program. The 
method was in quite extensive and successful use in 
Europe at this time, but with the great abundance of 
trees and cheap labor in the United States, the industry 
It remained for Dr. C. H. 


was reluctant to adopt it. 



















Raw MATERIAL FOR THE GuM NAVAL STORES INDUSTRY 


The resinous secretion from the living tree furnishes 
the raw material for the gum industry. This shows the 
modern cup and gutter method which has replaced the 
older wasteful box method, in the second year of opera- 
tion. Note the relatively slight wound as the result of 
light chipping. Photograph from ‘‘Naval Stores— 
History, Production, Distribution and Consumption,” 
edited by Thomas Gamble, Review & Publishing Com- 
pany, Savannah, Georgia, 1921 


Herty, who, until his recent death, was so closely as- 
sociated with progress of industry in the south, to adapt 
in a practical way in 1901 the old French system to the 
South’s method of operation. Once started, the 
method spread rapidly and it is in almost universal use 
today. 

The magnitude of the cup system is better realized 
when one considers that an average of approximately 
12,650,000 cups have been sold annually for the past 
five seasons, 1934-39. For the past season, about 60 
per cent. of the cups sold were of metal and 40 per cent. 
ofclay. The use of metal now has increased the life of a 
cup to ten or more seasons. 

In the American naval stores industry, 10,000 faces, 
or cups, constitute what is called a crop. A crop usu- 
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ally produces an average of 40 units, that is, 40 fifty- 
gallon barrels of turpentine and 133 barrels of rosin 
containing 420 pounds net. In the 1936-37 season, 
there were probably nearly 125,000,000 faces being 
worked. Only one cup is placed on small trees. Two 
faces are frequently worked on trees fourteen inches in 
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diameter, breast high. The larger trees on which there 
are three faces constitute only a relatively small per. 
centage of the trees in operation. Codperation with 
the government conservation program has resulted jn 
the withdrawal of some 7,250,000 faces from produc. 
tion during the past two seasons. 





CHEMICAL RESOURCES of the 
SOUTHWEST’ 


W. A. FELSING 


The University of Texas, Austin, Texas 


Y THE term “Southwest,” as used in this paper, 
shall be denoted that region comprising the states 
of Arkansas, Louisiana, New Mexico, Oklahoma, 

and Texas. In this region the majority of the popula- 
tion is still engaged in agriculture and cattle and sheep 
raising. What can such a region offer in the way of 
important chemical resources? 

To gain some idea of the general chemical activity 
in the Southwest, as defined, some statistics may be 
quoted. During the two-year period including the 
years 1936 and 1937, mew construction for the chemical 
industry for the entire United States totaled $350,- 
000,000. Of this amount, $57,500,000 (or 16.4 per 
cent.) was expended in the Southwest; $21,560,000 
of this was spent in Louisiana and $25,000,000 in Texas. 
It is quite natural, therefore, to ask, ‘‘What chemical 
industries require such a large amount of new construc- 
tion?’ This question is answered under the different 
headings that follow. 


PETROLEUM 


The most important chemical raw material and the 
one of greatest monetary value in this region is pe- 
troleum (and its associate, natural gas). Petroleum is 
found in every state of the Southwest in fairly large to 
extremely large quantities. It is necessary to mention 
merely such names as Eldorado, Shreveport, Tulsa, 
Lea County, Oklahoma City, Spindle Top, and East 
Texas to stir the imagination of the oil fraternity. No 
attempt will be made here to go into actual production 
figures, much less to mention what these figures could 


* A paper prepared from an address presented at the luncheon 
of the Division of Chemical Education at the ninety-fifth meet- 
ing of the American Chemical Society, Dallas, Texas, April 20, 
1938. 


and probably would rise to if production were not con- 
trolled. However, it may be stated that within easy 
reach by overnight travel from the city of Dallas are 
located wells producing almost eighty per cent. of the 
petroleum for the entire United States. 

Thus the Southwestern petroleum industry furnishes 
the major portion of the automotive fuel, fuel oil, and 
lubricating oils for the nation. However, the petroleum 
industry is potentially a source for a large number of 
chemical products of unit value far greater than that 
of the gasoline, kerosene, and lubricating oil furnished 
thus far. The growing list of chemical products pro- 
duced often from the by-products of the industry is 
becoming impressive; only a few items need be men- 
tioned to point out the importance of the list. Thus, 
there may be mentioned iso-octane and other poly- 
merization products from the ‘‘cracking’’ process by- 
products for special automotive fuels; resins of high 
molecular weight, such as Vistanex; acetylene and 
other olefins useful as starting materials for numerous 
organic syntheses; alkylated paraffins and aromatics 
(phenols); ethers, ketones, and alcohols (over ten 
million gallons of ethyl alcohol from cracking process 
gases last year); fatty acids by oxidation for the manu- 
facture of soap; and halogenated and nitrated com- 
pounds of all sorts. 

It is not to be inferred that all of these products are 
now being made here in the Southwest. However, 
the Carbide and Carbon Chemicals Company is erect- 
ing a plant at Texas City for the manufacture of 
Prestone. If Dame Rumor may be relied upon, the 
total cost of the plant will be approximately ten mil- 
lion dollars. Polymerization is being carried on at 
various refineries, some naphthenic acids are being ex- 
tracted for the soap manufacturers, and alkyl sulfides 
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are being saved as malodorants for the natural gas in- 
dustry. The next decade will witness, no doubt, the 
owing importance of the “chemical division” of the 
refineries of the Southwest. 


NATURAL GAS 


Natural gas is also found in every state of the 
Southwest. Of no other natural resource can it be 
said that it is wasted as much as natural gas. Through- 
out the East Texas field the gas, rich also in propane and 
butane, is bled from the petroleum wells and burned as 
never extinguished flares. In the Panhandle field of 
Texas, the world’s largest known reservoir of natural 
gas, over 200,000,000 cubic feet of natural gas escape 
unused daily. However, part of the natural gas is 
utilized for the manufacture of carbon black. The 
theoretical yield is about 33.5 pounds per one thou- 
sand cubic feet; the actual yield is only about one 
and one-half pounds of a high-grade, finely divided 
black. The rubber industry absorbs most of the an- 
nual production of one hundred thirty thousand to one 
hundred forty thousand tons. Texas produces ninety 
per cent. of this and Louisiana nearly all the rest. 

Waste has certainly not been eliminated in this indus- 
try. However, at numerous research laboratories, both 
educational and industrial, intensive work is being di- 
rected toward a better utilization of this raw material. 


POTASH 


The total potash-bearing area of Texas and New Mex- 
ico, the two states of the Southwest where potassium 
salts are found, is about 40,000 square miles, though the 
most promising portion underlies an area of about one 
hundred square miles. Near Carlsbad, New Mexico, 
there is an estimated area of about thirty-three square 
miles under which there runs a stratum of Sylvinite 
(KCl) four or more feet thick at an average depth of 
one thousand feet below the surface. The proven area 
contains reserves estimated at 100,000,000 tons, one- 
fourth of which will average twenty per cent. K,O. 
Two companies are now operating in the Carlsbad 
region and a third is contemplating the sinking of a 
shaft. 

In West Texas there have been proven up by core- 
drilling many square miles, in different counties, of 
potash-bearing minerals, chief of which is polyhalite 
(2CaSOy MgSO,-K2SO,-2H20). The eventual utili- 
zation of the potash from these enormous deposits 
will depend upon the economic utilization of the other 
components of the ore (7.e., CaSO, and MgS0O,). 
Development work which has been carried on for sev- 
eral years at The University of Texas and in private 
laboratories seems to point to an early solution of the 
polyhalite utilization. These and other potash sources 


should make the United States independent of foreign 
sources. 
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SODIUM SULFATE 


In the Panhandle region of Texas are found a number 
of saline lakes of essentially constant level containing 
as chief saline constituents the ions of sodium sulfate. 
From such water and from the deposits adjoining, the 
Ozark Chemical Company at Monahans, Texas, 
is producing sodium sulfate at a rate of one hundred 
tons per day or thirty thousand to thirty-five thousand 
tons annually. The Arizona Chemical Company has 
two plants: one near O’Donnell and one near Brown- 
field. Rumor has it that a third concern (of national 
prominence) is contemplating a plant somewhere in 
that same region. 

At present this salt is being utilized in glass and Kraft 
paper and pulp mills of the Southwest, though a little is 
being marketed as ‘Mineral Crystals,’ the ‘‘sal 
mirable’”’ of Glauber. Production seems to be limited 
by the Southwestern demands, for very little is shipped 
to distant points. 


THE ALKALI INDUSTRY 


The Southwest boasts of its modern alkali plants 
at Corpus Christi, Texas, and at Lake Charles, 
Louisiana. Both of these plants are located on navi- 
gable waters, assuring them of cheap ocean freight rates 
to points along the Atlantic coast. 

The plant of the Southern Alkali Company at Corpus 
Christi is located on Corpus Christi Bay. The com- 
pany owns its own docks and turning basin. It ob- 
tains its fuel, natural gas, from its own five thousand 
acre reserve about five miles west of Corpus Christi. 
This gas averages 915 B.T.u./cu.ft. and the cost of the 
power used by the company falls far below that of the 
cheapest coal. 

Salt is obtained from the Palangana Dome, some sixty 
miles west of Corpus Christi. Hot water is sent down 
into the salt deposit to produce a saturated solution; 
this saturated solution is pumped to the surface where 
it is directed into a fourteen-inch cast iron line through 
which it flows by gravity to the plant. Lime is ob- 
tained locally from washed oyster shell or from lime- 
stone shipped from San Antonio or New Braunfels, some 
one hundred sixty miles distant. 

The cost of the plant is said to have been about seven 
million dollars, which is about three quarters of a mil- 
lion dollars below the cost of the plant of the Mathieson 
Company at Lake Charles, Louisiana. This latter 
company also has a very advantageous location not only 
for raw materials but also for product shipment. 
The Southwest has plenty of salt, limestone, and cheap 
fuel: expansion will depend only upon demand. 


THE SALT INDUSTRY 


Common salt is plentiful in the Southwest. Two of 
the most important deposits in the Western hemisphere 
are those of Avery Island in Louisiana and the deposit 
at Grand Saline in Texas. The latter is perhaps the 











214 


world’s largest known deposit of common salt. There 
are numerous other deposits, a small fraction of which 
are being utilized. 

Hydrochloric acid is being produced in fairly large 
quantities. Recent hydrochloric acid plant installa- 
tions have been reported by the Consolidated Chemical 
Company of Fort Worth, Texas (fifteen tons per day), 
by the Southern Acid and Sulfur Company of Shreve- 
port, Louisiana (fifteen tons per day), and by the 
Ozark Chemical Company at Tulsa, Oklahoma (sixty 
tons per day). Most of this hydrochloric acid is being 
used in oil-well treatment in limestone structures. 


SULFUR AND SULFURIC ACID 


The largest known deposits of sulfur are found 
along the Gulf Coast in Louisiana and Texas. Too 
much has been written about these to necessitate repe- 
tition here. 

The sulfur as mined goes into dusting compounds, 
and sprays, into the rubber industry, into sulfur dioxide 
and sulfites for the paper and other industries, into 
many minor industries, and into the sulfuric acid indus- 
try, mostly outside the confines of the Southwest. 
However, quite a number of sulfuric acid plants are 
operating in this region to meet the demands of the oil 
and fertilizer industries. 


CERAMIC MATERIALS 


Among the many ceramic and related materials may 
be mentioned gypsum (for plaster of Paris), scattered 
over wide areas of Western Texas and New Mexico; 
limestone and oyster shell for the manufacture of chemi- 
cal and common lime; cement rock for portland ce- 
ment (about ten per cent. of the production in the 
United States); and clays, kaolin, and fuller’s earth. 
Bentonite deposits are being exploited in several locali- 
ties. 

In the Southwest the clay-products industry is 
limited essentially to brick, floor tile, common pottery, 
sewer pipes, and fire-clay products. However, the 
raw materials for fine pottery, white ware, and decora- 
tive tile are not missing. 
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Excellent sand deposits for clear glass manufacture 
are found throughout the Southwest; common glass 
articles, bottles, milk bottles, fruit jars, and so forth, 
are being produced in quantity, especially where natural 
gas is available as fuel, as it is at Three Rivers ang 
Wichita Falls, Texas. 


THE COTTON-OIL INDUSTRY 


The entire Southwest is dotted with cotton-oil ex. 
traction and hardening plants; approximately one. 
half of all the cotton-oil produced in the United States 
is produced in the Southwest. The major portion of 
this is used for food; however, together with a large 
local packinghouse industry which furnishes tallow, 
the cotton-oil industry furnishes the other raw ma- 
terial for a large and flourishing soap industry, both of 
the laundry and toilet type. 


OTHER RESOURCES 


Space does not permit the complete enumeration of 
all the chemical or quasi-chemical resources of this re- 
gion. However, there may be mentioned in quick 
succession some of the minerals mined in this territory. 
There is bauxite in Arkansas, lead and zinc in Okla- 
homa, copper, silver, and carbon dioxide (to produce dry 
ice) in New Mexico, mercury and graphite in Texas, 
and salt brines in Louisiana. 

There should also be mentioned the naval stores, the 
soya bean, and the pulp and paper industries in Arkan- 
sas, Louisiana, and Texas. 


CONCLUSION 


The future of the Southwest will continue to be 
closely connected with its citrus fruits, its cotton and 
corn, its fresh fruits, berries, and vegetables, its rice, 
its wool and hides, and its meats. However, the 
chemical industries, based upon the partial list of 
chemical resources that have been mentioned, will con- 
tinue to grow in importance and volume and will aid 
in the establishment of a commonwealth of states very 
nearly self-sufficient. 





SUMMER COURSES IN CHEMICAL MICROSCOPY AND QUANTITATIVE MICROANALYSIS 
AT CORNELL UNIVERSITY 


During the coming Summer Session, July 3 to August 12, 
Cornell University will offer the following courses, in addition to 
the usual basic courses in chemistry: introductory chemical 
microscopy, comprising work on micrometry, particle-size deter- 
minations, quantitative estimations, examinations of crystals 
and their behavior, lens systems, illumination, photomicrography 
and ultramicroscopy, and the study of fibers; microscopical 
quantitative analysis, of inorganic substances; and quantitative 
microanalysis, consisting of laboratory practice in typical methods 
of both inorganic and organic determinations. 





Combinations of the major portions of more than one course are 
possible, for properly qualified students. Persons not desiring 
university credit may arrange to cover, in less than the six weeks, 
those parts of any one of the above courses that are most suited 
to their needs. In the above cases, advance correspondence is 
advised: chemical microscopy—C. W. Mason; quantitative 
microanalysis—M. L. Nichols; Department of Chemistry, 
Cornell University, Ithaca, New York. 
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An INTRODUCTION ?o the PHASE 


RULE. PART I 


H. G. DEMING 


University of Nebraska, Lincoln, Nebraska 


HE phase rule has to do with any set of homo- 

geneous bodies having one or more ingredients in 

common. When such bodies are placed in contact 
these ingredients may pass spontaneously from one 
body into another. In the end, a condition of equi- 
librium may be reached, in which the rate of transfer of 
any ingredient, from any body into any other, is ex- 
actly balanced by a transfer in the opposite direction. 
The phase rule indicates the general nature of the condi- 
tions that must be fulfilled for such an equilibrium to be 
possible. 

The homogeneous bodies with which we shall have to 
deal are called phases. To count as a separate phase, 
in a system of phases, a body must not only be homo- 
geneous but also (as we shall presently see) must differ 
in its properties from other phases. Thus a handful of 
crystals of identical character would not count as that 
many separate phases, but as a single phase of a stated 
composition. 

Furthermore, each phase must possess at least one in- 
gredient that 1s exchangeable with at least one other phase. 
If a bottle is partly filled with an aqueous solution, the 
liquid and the moist air above it would count as two 
separate phases, since water passes from the one to the 
other by evaporation and recondensation; but we 
would not count the bottle as a third phase unless it 
should be found to yield some ingredient (perhaps alkali) 
to the solution, or to absorb some ingredient from the 
solution, in sufficient quantities to be appreciable in the 
use for which the solution is intended. 

The rate at which any given ingredient will pass from 
any given phase into any adjacent phase will usually 
depend: 

(1) On the temperature. 

(2) On the concentration of the given ingredient in the 
given phase. 

(3) On the environment of its particles in the given 
phase, namely, the concentrations of other ingredients. 

(4) Indirectly, on the pressure, since this helps to 
determine concentration. 

Thus, in a phase containing J ingredients or chemical 
individuals, each of some definite concentration, there 
are ordinarily J + 2 variables, including temperature 
and pressure, that determine the rate of transfer of any 
given ingredient from that phase into any other. 

These variables are, of course, not all independent. 

In a system of P phases, if we have the same tempera- 
ture and pressure throughout, there will evidently be 
IP + 2 variables, not all. independent, that determine 
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rates of transfer of material across the phase bounda- 
ries, from any one phase into its neighbors. By letting 
some of these variables take zero values we may provide 
for the fact that not all the ingredients of the system 
may be present in all its phases. 


DERIVING THE PHASE RULE 


Our problem is to determine how many of the JP + 2 
variables, which determine the rates of transfer of the 
material across phase boundaries, are independent. 
To do this we must see what relationships exist between 
them. We notice, first, that there is for every phase a 
definite phase equation, relating concentrations to the 
temperature and pressure. The general phase equation 
is f(P, T, G, @, ...) = 0; for an ideal gas mixture this 
becomes PV = Xn-RT, namely, P = Xc-RT (since 
n/V = c, for each gas in the mixture). If concentra- 
tions are expressed in mole-fractions or in partial pres- 
sures, instead of in moles per unit. volume, new varia- 
bles are introduced, but an equal number of restricting 
equations, defining these variables in terms of those 
already used. The reasoning, therefore, remains un- 
changed. 

We also need to consider the possibility of certain in- 
gredients being converted into others by chemical reac- 
tions, within any phase or at any phase boundary. 
Every such reaction reaches a definite equilibrium, with 
reactants and resultants in concentrations that are 
related as given by the ordinary expression for the 
equilibrium constant, K,, within the range in which 
concentration is a measure of activity. So, if R different 
independent chemical reactions occur within the sys- 
tem there will be R different equations, relating the con- 
centration of the reactants and resultants at equilib- 
rium, Knowing the equilibrium constant we may cal- 
culate the concentration of any chemical individual in 
any given phase, if the concentrations of the others are 
known. Of course we introduce a new variable when 
we use K, as just described, but offset this by a new 
restriction relating K, to the temperature. (Though a 
change in pressure may disturb the equilibrium, K, 
itself is independent of the pressure.) 

To these reaction equilibrium equations must be added 
to one other, if ionic reactions are considered. This ex- 
presses the fact that the sum of the charges on the cat- 
ions is equal to the sum of the charges on the anions, 
since the system as a whole (not necessarily any indi- 
vidual phase) is electrically neutral. 

Finally, we must remember that the phase rule is 
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interested in equilibrium conditions, in which the rate 
of transfer of any ingredient, across any phase interface, 
is equal to its rate of transfer in the opposite direction. 
From any given phase, in a system of P phases, any 
ingredient may be transferred into P — 1 other phases, 
either directly or through intervening phases. We thus 
have P — 1 equations for each ingredient, stating that 
the rate of transfer in one direction is equal to the rate of 
transfer in the opposite direction, at equilibrium; and 
if there are J different ingredients the number of such 
transfer equilibrium equations will be I(P — 1). 

Now let us summarize: We have found that the rates 
of transfer of material across the phase boundaries are 
ordinarily determined by JP + 2 variables, not all inde- 
pendent. As restrictions, namely, equations connecting 
the variables, we have found: 

P phase equations, of the form f(P, T, a, @, ...) = 0 

R reaction equilibrium equations (chemical restric- 
tions), perhaps including one expressing electrical neu- 
trality for the system as a whole. 

I(P — 1) transfer equilibrium equations. 

The number of independent variables appearing in 
any equation is one less than the total number of varia- 
bles; for if values of all but one are known the equation 
will permit the one to be calculated. Thus by sub- 
tracting the total number of equations from the total 
number of variables we may find the number of inde- 
pendent variables, otherwise called the number of 
degrees of freedom or the variance.* Representing this 
by F we find 


F = (IP +2)-([P+R+UP—-)) =I1-R-P+2 


This is an algebraical expression of the phase rule. 

Now J — R evidently represents the number of 
chemical individuals whose total weights are inde- 
pendently variable, in spite of chemical transforma- 
tions within the system. Representing these inde- 
pendently variable ingredients, usually called components, 
by C we have 


F=C-—-P+2 


as an alternative expression of the phase rule. 


RESTATING THE PHASE RULE 


The equation just deduced has four chief implica- 
tions: 

1. The maximum number of phases possible, in any 
system of phases in equilibrium, is at most two greater than 
the number of components. (If there were more phases 
than this, F would be negative, namely, the number of 
equations to be satisfied would exceed the number of 
variables. This would be possible only in the very im- 
probable event that an exchange of a given component 
between two phases might reéstablish equilibrium, not 
only for that component but for some other.) 





* The term degrees of freedom is commonly used but is less 
desirable, since it is employed with an entirely different meaning 
in the theory of the energy states of molecules. 
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2. This maximum number of phases is possible only at 
a definite temperature, a definite pressure, and a definite 
concentration of each component in each phase. (This 
must be true, since when P has its maximum value of 
C + 2 then F = 0, namely, none of the variables can be 
varied, independently of the rest, and still maintain 
equilibrium.) 

3. When less than the maximum possible number of 
phases are present, the conditions of equilibrium are not so 
rigidly prescribed. Instead we have mobile equilibrium, 
in which one or more of the variables that determine 
rates of exchange of material between phases may be 
varied (within limits), thus causing some compensating 
exchange of material, which presently leads to a new 
condition of equilibrium. 

4. For every phase that is lacking, to complete the 
maximum number, some one of the variables (temperature, 
pressure, or concentration of a selected component in a 
selected phase) may be arbitrarily chosen or fixed, or arbi- 
trarily varied, within at least a small range. In the new 
equilibrium thus induced the same number of phases 
will be present as before, though altered in composition. 


EXTRA VARIABLES OR RESTRICTIONS 


In what precedes we have assumed that the rate of 
transfer of material across phase boundaries is com- 
pletely determined by the concentrations of the several 
ingredients in the different phases, and by the tempera- 
ture and pressure. Actually, any factor that alters the 
potential energy of the particles in any phase with respect 
to those in any other phase will alter the distribution of 
the particles between the phases at equilibrium. In 
addition to temperature and pressure, in special in- 
stances, we might need to consider such things as differ- 
ences in electrical potential, magnetic field strength, or 
surface tension—in brief, any of the capacity factors of 
potential energy. The ‘2” in our statement of the 
phase rule would then need to be replaced by some num- 
ber that would take account of the increased number of 
variables. : 

For example, when electrons are transferred between 
an electrode and the ions in a solution, the electrons are 
a component of the system, and the potential of the 
electrode appears as an extra variable, hence we replace 
2 by 3 in the equation expressing the phase rule. The 
reader may now pause to consider what variables must 
be fixed, to establish the potential of a hydrogen elec- 
trode, and whether this conclusion is in harmony with 
the phase rule, as just extended. The membrane po- 
tential, in the Donnan equilibrium, will furnish further 
opportunity for meditation. 

We would have extra variables, too, if the tempera- 
ture and pressure, instead of being uniform for the whole 
system of phases were to vary from one phase to 
another. We would have extra restrictions if definite 
differences in temperature, pressure, or concentration 
were to be established between the different phases, or 
definite ratios of concentration. The variance, in any 
case, is the total number of variables minus the total 
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number of conditions to be satisfied. The reader will 
ceive how much broader the phase rule really is than 
jsimplied by the algebraical equation commonly used in 


stating it. 


THE PHASE RULE AND THE PRINCIPLE OF LE CHATELIER 


We can see that the phase rule is an extension of the 
principle of Le Chatelier, in the special case of homo- 
geneous bodies (phases) in equilibrium. If this equi- 
librium is disturbed by altering the temperature or 
pressure or by arbitrarily altering the composition of 
any phase, a spontaneous adjustment occurs, by 
chemical reactions within the phases or by transfers of 
material from one phase into another, until equilibrium 
is reestablished. The principle of Le Chatelier states 
that this spontaneous adjustment may include an ad- 
justment of the aitered temperature, pressure, or con- 
centration, in the direction of their former values. The 
phase rule determines how many variables may be 
altered arbitrarily and independently, with the number 
of chemical individuals and phases that are actually 
present, without causing any phase to disappear or any 
new phase to be produced. 


AVOIDING A PITFALL 


We must now emphasize a point that textbooks com- 
monly neglect, namely, that in making adjustments of 
concentration, to reéstablish equilibrium, we are as- 
sumed to have at our disposal an unlimited external 
supply of each of the components, from which material 
may be brought into the system, and to which material 
may be removed. Otherwise, the components are not 
really independent but are subject to the additional 
restriction that the total mass of a given component, 
within the system, shall be constant or else definitely 
related to the total mass of one or more others. 

To restrict each component to the mass that it had in 
the beginning we would need C new restrictions, of the 
form Vc (for each component, in all the phases) = 
const. In so doing we introduce the volume, V, of each 
phase as a new variable (namely, P new variables). 
With P new variables and C new restrictions the vari- 
ance is changed from F = (C — P) +2to F = (C — 
P)+2-+ (P — C) = 2. In brief, whenever we lack 
an unlimited external supply of the components, the 
variance, namely, the number of variables that may be 
altered through at least a small range without altering 
the number of phases, is always two. 

If arbitrary variation of the temperature and pressure 
is carried far enough, certain phases may disappear, 
until the system at last may be reduced to a single 
phase. In this process we lose a corresponding num- 


ber of restrictions (phase equations) but an equal 
number of variables (phase volumes) hence the vari- 
ance remains unaltered, namely, two. 

We can now see why bodies of identical composition 
(as in a handful of crystals of some one kind) are not 
None of them, after the 


counted as separate phases. 
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first, introduces any new variables into the rates of 
transfer of material across phase boundaries, if provided 
we assume that these rates are not influenced by the 
size of a crystal nor by the proportion of corners and 


edges to surface area. In extreme cases this assump- 
tion is not justified; a microcrystalline precipitate is 
actually slightly more soluble than the same material 
in coarse crystals. 


HOW TO COUNT COMPONENTS 


Since difficulties in applying the phase rule are usually 
due to doubt concerning the number of components, 
let us see how components are chosen or counted. As 
general rules: 

1. The composition of every phase in the system, and 
hence that of the system as a whole, must be expressible in 
terms of the chosen components, though zero values are 
permitted for some of them, in certain phases. More- 
over, one hundred per cent. of every phase must be 
accounted for. 

2. It is most convenient to choose simple components, 
for these are most likely to permit all phase composi- 
tions to be expressed without the use of negative con- 
centrations. 

3. If two ingredients or chemical individuals, in the 
system of phases, are interconvertible in a chemical 
transformation, within any phase, only one of them 1s 
counted as a component. 

4. In more complicated chemical transformations, 
since C = I — R, one may count chemical individuals, 
namely, molecular and ionic species, and subtract from 
this the number of chemical restrictions expressed by 
independent chemical equations*—with an additional 
restriction, in ionic systems, due to the need for elec- 
trical neutrality in the system as a whole. 

5. Selecting or counting components as just described, 
we assume that all the components chosen may be inde- 
pendently introduced into the system from an outside 
source. By contrast, molecular or ionic species pro- 
duced by chemical reactions within the system, and 
not independently available from an outside source, 
are not counted as components. 


AN EXAMPLE 


As an example, consider an aqueous solution con- 
taining the ions K*, Na*, Cl-, Br-, together with 
simple and complex water molecules. We rule out the 
complex water molecules at once, since these are 
interconvertible with simple molecules by reactions in 
the liquid phase. The unassociated water molecules 
and the four kinds of ions represent five chemical 
individuals. Subtracting the restriction for electrical 
neutrality, we conclude that this is a four-component 
system. Which particular four components to select, 
to avoid negative numbers in expressing phase com- 
positions, cannot be told in advance of a knowledge of 





* Chemical equations are said to be independent if none of 
them may be obtained from the others by numerical operations. 
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what phases are actually present, for example, as solid 
salts, in equilibrium with the solution. 

The number of components is not changed if we 
consider that the molecules NaCl, NaBr, KCl, and 
KBr are formed from the ions. This would give us 
four new individuals, but four new restrictions, due to 
chemical equations representing the formation of the 
molecules from the ions. The reaction 


NaCl + KBr = NaBr + KCl 


need not be considered, for it is not independent of the 
reactions by which these four salts are separately 
formed from their ions. 
If we consider that the water in this system is slightly 
ionized, 
2H,0 = H;O+t ae OH- 


we have two new chemical individuals (ions); hence 
subtracting a restriction for the chemical equation we 
get one extra component, provided H;O0+ and OH~ are 
actually made to vary independently within the liquid 
phase, by adding an acid or alkali or because of a reac- 
tion (hydrolysis). However, if both ions originate 
from water, and no hydrolysis occurs, they are not in- 
dependently variable, but must be present in equal con- 
centrations. Neither of the ions would then count as a 
component, and we would still have a four-component 
system. 

If we begin to wonder whether an extra component is 
indicated by the presence of heavy water in the system, 
in the ordinary proportion of about 1 in 5000, the 
answer depends on the ends to be served. The im- 
portant point is not that the proportion of heavy water 
is ordinarily too small to be noticed. The real test is 
to observe whether its activity (which determines rate 
of transfer across phase boundaries or rate of participa- 
tion in chemical reactions) is sufficiently different from 
that of ordinary water to give it a significantly different 
distribution between the different phases. If so, it 
would need to count as an additional component. 
For isotopic variants of other elements the same princi- 
ple applies. 


APPLICATION TO THE DISSOCIATION 
OF AMMONIUM CHLORIDE 


Consider a system consisting of solid ammonium 
chloride, in equilibrium with a vapor phase in which the 
salt is partly dissociated: 


NH,Cl = NH; + HCl 


There will be two phases (a solid and a vapor), provided 
the quantity of solid taken is so great that it is not com- 
pletely vaporized, in the volume offered to it. (There 
can never be more than one vapor phase in any system, 
since gases or vapors intermingle freely.) 

With three chemical individuals appearing in the 
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equation, and one restriction expressed by the equation, 
we conclude that this is a two-component system, 
provided both components (say NH,Cl and NH,) 
are independently introduced into the system from ap 
outside source. But if only ammonium chloride js 
thus introduced, the ammonia and hydrogen chloride 
being derived from this by dissociation, we have q 
one-component system. 

Having decided how many phases and how many 
components are present, the variance becomes apparent, 
One unit of variance may be used in arbitrarily select. 
ing the temperature. If another then remains it may 
be used to specify the pressure or the concentration of 
one of the ingredients of the vapor phase; or if two 
units of variance remain, after specifying the tempera. 
ture, the concentrations of both the ingredients of the 
vapor phase may be specified. The reader may work 
this out for the four cases that are possible, with condj- 
tions so chosen as to give a system of one or two phases 
and one or two components. In each case determine 
what things may be specified in order that the pressure 
exerted by the gaseous phase may assume some defi- 
nite value, not subject to specification in advance. 


THE DISSOCIATION OF CALCIUM CARBONATE 


When calcium carbonate is heated, in a closed vessel, 
we have dissociation, 


CaCO; = CaO + CO, 


This is a two-component system, provided two of the 
three chemical individuals here appearing are inde- 
pendently introduced into the system from an outside 
source. Experience shows that this system, unlike 
the previous one, exerts a definite pressure at each 
temperature, even though carbon dioxide (within 
limits) is introduced into the system from an outside 
source. The system therefore has one unit of variance 
(used in specifying the temperature). One unit of 
variance, with two components, indicates three phases. 
Thus in addition to the vapor phase we must have two 
separate and distinct solid phases. Without this proof, 
based on the phase rule, we might well have assumed 
an intermingling of calcium carbonate and calcium 
oxide to form a single solid phase, having a composition 
that varies with the temperature. 

Actually, when crystalline calcium carbonate dis- 
sociates, dissociation begins at the corners and edges of 
the crystals, since each carbonate ion here possesses 
less than the normal number of positively charged 
neighbors, and is consequently less firmly bound. The 
second solid phase (calcium oxide) is then formed by 
rearrangement of the particles remaining after removal 
of the carbon dioxide. At moderate temperatures an 
adjustment of this sort sometimes occurs only in the 
presence of a catalyzer or solvent; in its absence 4 
condition of equilibrium is not attained. 
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LIQUID AMMONIA RESEARCH 
in 1938—A REVIEW 


GEORGE W. WATT 


The University of Texas, Austin, Texas 


AND 
NORMAN O. CAPPEL 


The Ohio State University, Columbus, Ohio 


N any field of investigation rather marked changes 

in the direction of research effort are frequently dis- 

cernible. That such changes may occur over rela- 
tively short periods of time is demonstrated when one 
considers studies involving the use of liquid ammonia 
and of solutions in this solvent. No longer than five 
years ago, a majority of such researches had as their 
objective the study of physical properties of ammonia 
or of ammonia solutions. More recently, however, the 
attention of the organic chemist has been attracted by 
the somewhat unique solvent properties of ammonia. 
The result has been a rapidly expanding utilization of 
this solvent in the preparation and study of reactions 
of organic compounds, in the study of the constitu- 
tionof naturally occurring substances, and in the solution 
of other problems wherein the properties of ammonia 
permit the realization of experimental conditions not 
obtainable with other solvents. 

Of more than one hundred publications considered 
in the following pages, well over two-thirds are pri- 
marily concerned with problems in the field of organic 
chemistry. Over the same period, the results of studies 
on physical properties of ammonia solutions appeared 
only relatively infrequently although very much re- 
mains to be done in that direction. 


I. PHYSICOCHEMICAL STUDIES 


Huster and Vogt (6) have determined the magnetic 
susceptibility of solutions of sodium in liquid am- 
monia as a function of concentration. The results show 
that the magnetic susceptibility of dissolved sodium 
varies from weak paramagnetism in concentrated solu- 
tions to a strong ‘“‘normal” paramagnetism in dilute 
solutions with the intermediate concentrations being 
diamagnetic. Calculations based on data taken over 
the dilute range show a value of one Bohr magneton 
for the atomic susceptibility of the sodium atom. The 
diamagnetism found over the intermediate range is as- 
cribed to the presence of Naz molecules. When nitric 
oxide is allowed to react with a solution of sodium in 
liquid ammonia there results a compound the simplest 
formula for which is NaNO (7). Frazer and Long (8) 


* For earlier papers in this series see references (1-5). 
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have found that this substance is diamagnetic in weak 
magnetic fields (< 300 oersted). It has been suggested 
that the observed magnetic susceptibility of the com- 
pound may be interpreted as indicating that the reac- 
tion of NO with Na in liquid ammonia involves reduc- 


tion to the NO~ ion having the structure, N::0:. 


The dielectric polarization of liquid ammonia (23.8) 
has been found to be less than the polarization of gase- 


TABLE 1 
Heat of tHeat of 
Solution, Formation, 

Amide 425 Keal./ Mol. Keal./ Mol. M.P. 
LiNH: 1.18 56.3 42 *4373-5°C. 
NaNH: 1.39 61.4 27 **208° 
KNH: 1.64 64.9 27 *#338° 
RbNHs: 2.58 66.4 26 309° 
CsNH: 3.43 67.0 28 262° 
Zn(NH2)2 2.13 56 34 — 
Cd(NH2): 3.05 65 13 — 





t Calculated. 
** Data from earlier investigations. 


ous ammonia (49.6) and less than that of its liquid or 
gaseous mono-, di-, and trimethyl derivatives (9). 

The examination of the Raman spectra of liquid am- 
monia at —40°, of solutions of NH,NO;-2NHs, and of 
2NH,SCN-5NH; has shown the existence of weak lines 
at or near 3460 and 3545 cm.~! (10). These solutions 
also give Raman lines at or near 1387, 1456 (attributed 
to NH,+ or NO;~), 1655 and 1687 cm.~! (attributed to 
NH,*). 

The atomic heats of solution of lithium, potassium, 
rubidium, cesium, calcium, strontium, and barium in 
liquid ammonia over a range of concentrations have 
been determined by Schmidt and co-workers (//). 
Lithium, calcium, strontium, and barium have a nega- 
tive and potassium, rubidium, and cesium a zero heat 
of solution. 

Juza and co-workers (12, 13) have reported the re- 
sults of their studies on the preparation and physical 
properties of certain of the metal amides. The amides 
of the alkali metals (Li, Na, K, Rb, Cs) were prepared 
by the interaction of the metals with liquid ammonia in 
the presence of a platinum catalyst. Zinc amide was 
formed by the action of gaseous ammonia on zinc di- 
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ethyl (method of Frankland) and cadmium amide by 
the interaction of cadmium thiocyanate and potassium 
amide in liquid ammonia (method of Bohart). Par- 
ticular care was taken to insure the formation of pure 
amides. In Table 1 the values obtained for various 
physical constants of the amides thus prepared are 
summarized. 

Burgess and Kahler (14) have made a detailed study 
of the influence of various catalysts upon the rate of 
reaction between the alkali metals and liquid ammonia 
at —33°C. They have found that platinized platinum, 
rusted iron, nickel, and ferrous oxide were the most 
efficient catalysts. Sodium amide in solution was 
shown to exert a poisoning effect upon the catalysts. 

An account of the study of the system Na-~NaCI-NH; 
(15) includes tables showing the solubility, specific 
gravity, and vapor pressure at 0, —11, —15, and 
—20°C. The solubility of sodium chloride was found 
to decrease rapidly with an increase in the concentra- 
tion of sodium. At —11, —15, and —20°C., sodium 
chloride is stable in the form of the ammonate, 
NaCl-5NH;. Studies on the systems NaCl-NaBr—-NH;, 
NaCl—NaNO;-NH3, NaBr—NH3, and NaNO;—NH; have 
been made by Portnov and Ravdin (16). The solubility 
of NaBr and NaNO; in liquid ammonia was found to 
decrease with increasing concentration of NaCl. No 
evidence was obtained for the formation of mixed 
crystals. The solubility of NaBr was found to increase 
from 117.6 g. at —44.5°C. to 1370 g. per 1000 g. NH; 
at —25°, that of NaNO; from 706 g. at — 50.5 to 1485 g. 
per 1000 g. NH; at 60°. A study has been made 
of the solubility of lithium nitrate in liquid ammonia 
over the temperature range —77.7 to 264.0°C., the 
specific gravity of solutions at 20°, the conductivity of 
saturated solutions from —33 to 20°, and the decom- 
position voltage of lithium nitrate in liquid ammonia 
at —40°, 0°, and 25° between Pt-Pt and Pt-Ni elec- 
trodes (17). The solubility curve indicated the existence 
of the following ammonates: LiNO;-8NH3, 4NHs, 
and 2NH;. The decomposition potential of lithium ni- 
trate between platinum electrodes was found to de- 
crease from 5.2v. at —40° to 4.0v. at 25°. 

Shiba and Tanabe (18) have recently determined the 
rotatory dispersions and the temperature coefficients 
of the specific rotation of d-glucose, d-fructose, sucrose, 
lactose, and a-methyl-d-glucoside in liquid ammonia. 
The measurements were carried out at wave-lengths 
ranging from (A), = 0.644 to 0.436 and over the tem- 
perature range —35 to —63°C. Graphical representa- 
tion of the specific rotations showed good agreement 
with Drude’s simple dispersion curve of lactose. 

The influence of treatment with liquid ammonia on 
the physical properties of regenerated cellulose has re- 
cently been determined (19). It has been shown that 


regenerated cellulose may be used for dialysis experi- 
ments in ammonia. 

A theoretical discussion of the electrochemical prop- 
erties of liquid ammonia, based on numerous mathe- 
matical equations, has recently been presented by 
Makishima (20). The solubility product law was found 


JOURNAL OF CHEMICAL Epucatioy 


to be valid for binary salts in liquid ammonia, ang 
values for the solubility product, heat of solution of 
gaseous ions, and entropy change during solvation haye 
been deduced for a number of salts. The heat of solya. 
tion in liquid ammonia is greater than in water for Ht, 
Ag*, Tl*, Pbt*, and halide ions and smaller for the 
alkali and alkaline-earth ions. The normal potentials 
of metal and halogen electrodes in liquid ammonia are 
lower than in water. These effects are attributed to 
chemical rather than to electrostatic forces. The ioniza. 
tion constant of liquid ammonia at —34° is about 5 x 
10-*4, the theoretical decomposition tension about 
0.076v. at —34°, and the normal potential of the nj- 
trogen electrode, —1.5v. From the assumption that 
the alkali metals in liquid ammonia form metal ions and 
solvated electrons, calculations were made for the 
solubility product, heat of solvation of the electrons, 
and their entropy change. The value of the heat of 
solvation of the electron indicates that such solutions 
should absorb light in the region of 6200-7200 A.U,, 
which is in accord with the fact that such solutions are 
indigo blue. These results are in complete agreement 
with the view that solutions of the alkali metals in 
liquid ammonia consist of positively charged metal ions 
and solvated electrons. During electrolysis in liquid 
ammonia the anode changes may involve the evolution 
of nitrogen, formation of nitrides or amides, solution of 
the anode material, evolution of the halogens or oxygen, 
and electrolytic oxidation; at the cathode, evolution of 
hydrogen, deposition of metals, solution of the cathode, 
formation of an electron solution, and electrolytic reduc- 
tion. The high overpotential necessary for the forma- 
tion of hydrogen or nitrogen (approximately 1.6v. at the 
anode and 1.2v. at the cathode)—(Pt electrode) permit 
the occurrence of unusual electrolytic and reduction 
reactions. The idea has again been advanced that 
solutions of metals in liquid ammonia consist of colloid 
particles rather than positively charged metal ionsand 
solvated electrons. Kruger (21) has shown that values 
for the absorption coefficient of solutions of sodium in 
liquid calculated by the theory of Mie for a flattened 
rotational ellipsoid particle and based on the optical 
constants of solid metallic sodium are in approximate 
agreement with absorption measurements of Gibson 
and Argo. This, together with ultramicroscopic and 
diffusion experiments, is used to support the conclusion 
that such solutions are colloidal in character. Freed and 
Thode (22) have recently criticized the conclusions of 
Kruger on the basis that the experiments were per- 
formed without taking those precautions that are 
necessary when working with sodium in liquid am- 
monia. These workers also point out that their work 
on the magnetic behavior of such solutions is in com- 
plete agreement with the accepted view, and also the 
Fermi-Dirac statistics. Likewise, Huster (23) rejects 
the concept concerning the colloidal nature of such 
solutions. 
Il. ANALYTICAL METHODS 

A method has been developed by Shatenshtein (24) 

for the titration of solutions in liquid ammonia at room 
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temperature. The apparatus and procedure employed 
give results which are accurate to +0.2 per cent. and 
may be applied to solutions in liquefied gases other than 
ammonia. The solubility of sodium cyanide and sodium 
chloride and the insolubility of calcium cyanide and 
calcium chloride in anhydrous liquid ammonia have 
served as a basis for a proposed method for the analysis 
of black cyanide melt (25). 


III. INORGANIC REACTIONS 


H HH id 
The structure, NH,+ | H:B:N:B:H | has been pro- 
Hu 
posed by Schlesinger and Burg (26) for the final prod- 
uct of the interaction of diborane and liquid ammonia. 
This substance reacts with sodium in liquid ammonia 
at —77° to produce one equivalent of hydrogen, thus 
indicating the presence of one ammonium ion. The 
slow secondary reaction of the product with liquid 
ammonia and sodium is explained in terms of a 
reversible reaction producing NH,sBH;NH:. The 
etherate, (CH3)2OBHs3, reacts with sodium and am- 
monia to yield the salt NaBH;NH:. The action of 
diborane upon NH,(BHs)2NH2 has been shown (27) to 
result in the formation of the compound, B,H;N, with 
HHH 
the proposed structure, B:N:B:H. With liquid am- 
HHH 

monia, B,H;N forms BzH;N-NH3, which reacts with 
sodium in liquid ammonia to liberate one equiva- 
lent of hydrogen and a solid having the formula 
NaNH2:B.H,N. 

The reaction between potassium and sulfur in liquid 
ammonia has been utilized by Goubeau and co-workers 
(28) in the preparation of potassium monosulfide. From 
reactions carried out at —60 to —30°C., there was ob- 
tained a product (85-90 per cent. yield) consisting of 
KS (95.5 per cent.), K2S,0; (2.5 per cent.), KeSO; (1.5 
per cent.), S (0.2 per cent.), KeSO, (trace), and KNH: 
(trace). 

The interaction of phosphine and lithium in liquid 
ammonia at —80°C. has been shown to result in the 
formation of an ammonated lithium dihydrogen phos- 
phide (29), 


PH; 4 Li ob xNH; => LiPH2-4NH; + 1/,H, fF (x = 4)NH; 


The corresponding sodium and potassium compounds 
(30) have been prepared previously, as have the analo- 
gous nitrogen and arsenic compounds (31). 

Treatment of trimethyllead iodide with sodium in 
liquid ammonia at its boiling point has been shown to 
result in a 7 per cent. yield of hexamethyldilead 
(CH;)3Pb—Pb(CHs); (32). 

The utilization of liquid ammonia in the study of in- 
termetallic compounds of the alkali metals has been 
surveyed by Weibke (33) in his extensive review of the 
preparation and properties of intermetallic compounds. 
By extracting sodium-zinc, potassium-zinc, and potas- 
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sium-cadmium alloys with liquid ammonia, Zintl and 
Haucke (34) have isolated crystalline intermetallic com- 
pounds having compositions represented by the formu- 


las, NaZny, KZny3, and KCd,. Data on the crystal 
structure of these substances have been provided. 
Compounds of the composition Li;Sb and Li;As have 
been prepared (35) by the reaction of antimony and 
arsenic with lithium in liquid ammonia at —33°. 
Under similiar conditions, the reaction of phosphorus 
with solutions of lithium, sodium, and potassium was 
incomplete and could not be used for the preparation 
of LisP, NasP, and K3P. 

In connection with his studies of the two classes of 
platinous diacidodiammines, King (36) has investigated 
their behavior toward liquid ammonia. It was found 
that liquid ammonia parallelled water in its action on 
the acid radicals. The cis- and trans-dichloro- and 
-dinitro-amines were recovered unchanged after treat- 
ment with liquid ammonia. Cvs-dinitrato-diammino 
platinum was converted completely into tetrammino- 
platinous nitrate when dissolved in liquid ammonia. 


Pt(NHs)2(NOs3)2 + 2NHs — [Pt(NHs3)«](NOs)2 


The displacement of the acid radical was not quite 
complete in the case of the ¢vans-dinitratodiammine. 

Evidence obtained by Royen (37) indicates that the 
hydrides of phosphorus, sulfur, and germanium form 
salt-like compounds with liquid ammonia. The electrical 
conductivity of PH;, PrH.s, GeHy, and Ge2He in liquid 
ammonia has been measured; and the electrolysis of a 
liquid ammonia solution of PH; has been shown to result 
in the deposition of phosphorus at the anode, probably 
due to the discharge of the P~—~ ion. When the amor- 
phous hydride, Py»He, is dissolved in ammonia, it is 
believed that a salt of the type, NH,PH:-P, is formed. 
The apparent molecular weight of this salt, as deter- 
mined in ammonia by measurements of the vapor pres- 
sure lowering, is about 2700. 

It has been shown by Heisig (38) that red mercuric 
sulfide reacts with ammonium sulfide in liquid am- 
monia to form a black compound having the formula, 
(NH,)2S:6HgS. The marked insolubility of ammonium 
sulfate in liquid ammonia at its boiling point has been 
utilized by Billman and Audrieth (39) in effecting the 
quantitative separation of sulfuric acid from its mixtures 
with nitric, alkalysulfuric, or alkyl- or aryl-sulfonic 
acids. Potassium nitrilosulfonate, N(SO;K)3:2H2O, has 
been found to be only slightly soluble in liquid am- 
monia (40). 

A study has been made of the corrosive action of 
liquid ammonia solutions of NH,Cl, NHisNO;, and 
NH,SCN on various alloys at room temperature and 
over a period of three months (41). Chrome-nickel 


steels and high chrome steels were found to be resistant 
to corrosion by solutions of NH,sCl and NH,NO;, but 
readily attacked by solutions of NHiSCN. Copper 
alloys were readily attacked by all three solutions. 
Nickel, wrought iron, and steel are also appreciably 
corroded by solutions of all three ammonium salts. 
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IV. ORGANIC REACTIONS 
1. Ammonolytic Reactions 


The ammonolysis of the ethyl esters of acetic, cyano- 
acetic, ethoxyacetic, lactic, malonamic, malonic, 
mandelic, and phenylacetic acids by liquid ammonia 
at 0°C. has been studied by Audrieth and Klein- 
berg (42). The reactions were effected in sealed tubes 
over twenty-four and forty-eight hour periods both 
in the presence and absence of ammonium chloride. 
The yields of acid amides obtained were greatest 
from reactions of forty-eight hours’ duration using 
ammonium chloride as a catalyst. Qualitatively, 
the reactivities of the esters studied is the same for 
ammonolysis as for aqueous alkaline hydrolysis. The 
influence of the various a-substituents upon the ease of 
ammonolysis has been determined. It has been shown 
that the amides of the a-hydroxy acids, mandelic and 
lactic, may be prepared conveniently in an autoclave 
at room temperature by the ammonolysis of the cor- 
responding ethyl esters over a period of twenty-four 
hours. Under these conditions, the yields of amides 
(80 and 70 per cent., respectively) were not sufficiently 
improved by the presence of ammonium chloride to war- 
rant its use as a catalyst. Glycerol, together with mix- 
tures of amides of higher fatty acids, has been produced 
by the ammonolysis of certain fats and oil (43). Lin- 
seed, turnsole, cottonseed, olive, and castor oils and 
animal fats such as lard, mutton tallow, and beef suet 
have been found to be ammonolyzed quantitatively. 
The rate of ammonolysis depends to some extent on 
the nature of the fat or oil and is in general increased 
by the utilization of high temperatures, a catalyst such 
as NH,Cl, and an emulsifying agent. The influence of 
ammonium salts on the ammonolysis of ethyl benzoate 
by liquid ammonia at 0 and 25°C. has been studied 
(44). The conversion of ethyl benzoate to benzamide 
and ethyl alcohol was found to be a pseudo first-order 
reaction catalyzed by ammonium salts. The catalytic 
activity of the salts used increases with concentration 
in the following order, 


CsH;sCO.NH, > NH,Cl > NH.Br > NH,CIO, 


The ammonolysis of the 6-mesyl derivatives of 1,2- 
acetone-3,5-benzalglucose has been shown to result in 
the formation of the corresponding 6-amino compound 
in 85 per cent. yield (45). 

CsH; H H;C CH; 
be a 
pete ie * 
O O O O 


| | | | 
CH,SO,0CH,—CH—CH—CH—CH—CH 
9 —____ 


NH; 


C,H; H H;C CH; 
ar . 
O O O O 


| 
NH.CH,CH—CH—CH—CH—CH 
2S 
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This reaction was carried out in a sealed tube at room 
temperature and over a period of three weeks. Under 
similar conditions, 1,2-acetone-3,5-benzalglucose-6-iodo. 
hydrin was dehydrohalogenated by liquid ammonia 
over a period of ten days. The yield of glucofuranose.5, 
6-ene thus obtained was 95 per cent. 


C.H; H H;C CHs CoH; H H;C CH, 
yt F 
NH; c 
O O QO O O 0: 3 


| | | | | 
ICH,CH—CH—CH—CH—CH CH::C—CH—CH—CH—Cy 
L. O J | a 5 See 





The formation of 8’-diethylaminoethyl 8-aminocro. 
tonate by the ammonolysis of 8’-diethylaminoethy| 
B-chlorocrotonate has been reported (46). This reaction 
was carried out in a sealed tube at room temperature 
over a period of many hours. 


Cl 


| 
CH;C—=CHCO,.(CH2)2N(C2Hs)2 ot 2NH;3 —— 
NH, 


| 
CH;C=CHCO,(CH2):N(C:Hs)2 + NH,CI 


1,1-Dicarbethoxy-1-bromo-3-carbomethoxy propane 
(47) has been found to be only slightly ammonolyzed by 
treatment with liquid ammonia (less than 5 per cent.) 
The ammonolysis of n-dodecyl chloride by liquid am- 
monia in a sealed tube at 75-80°C. over a period of 
72-90 hours has been shown to result in the formation 
of a mixture containing 28-33 per cent. of m-dodecyl- 
amine and 36-37 per cent. of n-didodecylamine (48). 

Roberts and Horvitz (49) have made a study of the 
effect of ammonolyzed foods on the growth of albino 
rats. It was found that failure to grow occurred in 
all cases in which the vitamin B complex was allowed 
to come in contact with liquid ammonia and that the 
addition of the unaffected vitamin B complex to the 
ammonolyzed diet caused the rats to grow more rapidly 
than the control animals on the normal diet. It is be- 
lieved that the deleterious effects are due to the action 
of liquid ammonia on the vitamin B complex (50). 


2. Reactions of Alkali and Alkaline Earth Amides 


Bergstrom (51) hasshown that thereaction between the 
alkali amides and quinoline or isoquinoline in liquid am- 
monia at room temperature probably involves the for- 
mation of soluble unstable addition compounds of the 


wet H H NH 
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Cy mK 
CH ae 
d if d 
: -_ CH 
ae ae aoe 
K K 


In the presence of potassium nitrate, an excess of 
potassium amide reacts with quinoline to form 2-amino- 
quinoline and small quantities of 4-aminoquinoline. In 
the presence of mercury, potassium amide and quinoline 
react to form a dilute potassium amalgam and relatively 
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gnall quantities of 2-aminoquinoline while sodium 
amide and isoquinoline form sodium amalgam and 1- 
aminoisoquinoline. Barium amide and quinoline react 
to form the 2-amino compound. The mechanism of 
these reactions has been discussed in detail and an 
autoclave suitable for carrying out reactions in liquid 
ammonia on a fairly large scale has been described. A 
number of aminoquinolines have been prepared by 
treating substituted quinolines with an excess of potas- 
sium amide (in the presence of potassium nitrate) or 
with barium amide (either alone or in the presence of 
barium thiocyanate) in liquid ammonia at room tem- 
perature over periods of several days (52). The sub- 
stituent groups in 2-quinolinesulfonic acid and 2- 
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methoxyquinoline were replaced by the amino group 
when treated with a liquid ammonia solution of potas- 
sium amide or of potassium amide and potassium ni- 
trate. The presence of the amino group in the 2 posi- 
tion or of the hydroxyl group in the 2 or 8 position pre- 
vents the direct introduction of the amino group. On 
the other hand, the ease of substitution is enhanced by 
the presence of the carboxyl group in the 2 or 4 posi- 
tion in the quinoline nucleus. 

4-Amino-2-phenyl quinoline has been formed by the 
action of potassium amide and potassium nitrate (or 
mercury) on 2-phenyl-quinoline in liquid ammonia at 
room temperature (53). 


CyHsN(CcHs) + 2KNH. + KNO; — C,HsN(CsHs)NHK + 
KOH + KNO, + NHsz, 


CyHsN(CsHs) + 3KNH2 + xHg — CoHsN(CcHs)NHK + 
K2Hg: + 2NH; 


The potassium salt is converted to the amino compound 
by hydrolysis. By reactions similar to those given 
above or by the use of barium amide alone, amino 
derivatives of 6- and 8-phenyl- and 7,8- and 5,6-benzo- 
quinolines have been prepared. When potassium amide 
is used in the absence of potassium nitrate or mercury, 
6-phenyl- and 8-phenyl-quinolines are converted to 
tars while 7,8-benzo- and 5,6-benzo-quinolines yield 
25-35 per cent. of the corresponding amino derivatives. 

Cope and Hancock have recently described a method 
for the preparation of alkyl derivatives of ethyl isopro- 
pylidene malonate (54) and ethyl (1-methylpropyli- 
dene)-malonate (55). It was found that the sodium 
derivatives of these substances (conveniently prepared 
by reaction with sodium amide in liquid ammonia) 
could be readily alkylated in an inert solvent by the 
ordinary alkylation agents. On the other hand, an at- 
tempt to prepare the sodium derivatives of alkylidene- 
cyanoacetic esters by reaction with sodium amide in 
liquid ammonia resulted in the cleavage and polymeriza- 
tion of the cyanoacetic esters (56). 


3. Reactions of Solutions of Metals 


Reactions of sodium acetylide; Improvements in the 
procedure for the formation of sodium acetylide from 
acetylene and sodium in liquid ammonia at its boiling 
point have been described (57) and the results of the use 
of this salt in the preparation of substituted acetylenes 
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have been summarized. The preparation of mono- and 
dialkylacetylenes by the simultaneous reaction between 
sodium acetylide, sodium amide, and alkyl halides in liq- 
uid ammonia has been further studied by Bried and 
Hennion (58). m-Hexyl bromide, when treated with so- 
dium acetylide and sodium amide in liquid ammonia at 
—33°C. gave a 38 per cent. yield of dihexylacetylene, 
while n-octyl bromide gave a 57 per cent. yield of octyl- 
acetylene and a 15 per cent. yield of dioctylacetylene. 
At room temperature, n-octyl bromide gave a 27 per 
cent. yield of dioctylacetylene and a 15 per cent. yield of 
octylacetylene. Decyl bromide at room temperature 
yielded decylacetylene and decylamine. 

Ruzika and Hofmann (59) have shown that the addi- 
tion of acetylene to the keto group in the 17-position 
in ¢rans-dehydroandrosterone, 


oun 


ely 


may be accomplished by adding an ether-benzene solu- 
tion of the ketone to a solution of potassium acetylide 
in liquid ammonia at temperatures considerably below 
the boiling point of ammonia. Removal of ammonia 
followed by the addition of water and removal of un- 
reacted ketone led to the isolation and identification 
of A®-17-ethinyl-5-androstene-3-trans-17-diol. 
: OH 
—C=CH 


| | 
Cle = 
sith Ps 


In an analogous manner, trans-androsterone was con- 
verted to 17-ethinylandrostane-3-trans-17-diol. . By 
means of essentially the same experimental procedure, 
Inhoffen and co-workers (60) have prepared 17-ethinyl- 
estra-3,17-diol from estrin and potassium acetylide: 


O OH C=CH 
aa 


ay |7 
Seem 
L(V) 
. Estrin 


69 
| 
HO—\ 
Similarly, equilin has been converted to 17-ethinyldi- 
hydroequilin and equilenin to 17-ethinyldihydroequi- 
lenin. 

Campbell and co-workers (61) have shown that 
sodium acetylide in liquid ammonia will condense with 
many aldehydes and ketones to give acetylenic car- 
binols together with smaller amounts of the correspond- 
ing glycols. The yield of the carbinols was increased 
and that of the glycols decreased by passing acetylene 
gas into the mixture during the course of the reaction. 
The following mechanism has been suggested to ex- 
plain the course of these reactions, 
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HC=CNa + wit wad 


ii 
R HC=CH R 
HC=C—C—ONa —»> HC=CNa + HC=C——0H 
R n—b-R’ R R 


| 
NaC=C—C—OH —> Na0t—CmsC—f—-OH 
R’ R’ R’ 


It is believed that this method has certain advantages 
over the usual methods for the preparation of this type 
of compound. Sodium acetylides (prepared in liquid 
ammonia) have been shown to be relatively unreactive 
toward acetals in various solvents (62). 

Alkylation: Earlier papers in this series (2-5) have 
referred to the use of liquid ammonia in connection with 
the methylation of saccharides. The procedure em- 
ployed usually involves the addition of a partially 
methylated material to a solution of sodiym in liquid 
ammonia at low temperatures. The ammonia is then 
removed from the resulting sodium salt and the latter 
treated with methyl iodide in an organic solvent. With 
salt formation being effectedat a temperatureof —80°C., 
Hess and Lung (63) have shown that methylraffinose 
containing 44.1 per cent. OCH; may be further meth- 
ylated by the above method to an average methoxyl con- 
tent of 51.3 per cent. (Calcd., 51.8 per cent.). Anisole 
was used as the medium for the reaction between the 
sodium salt and methyl iodide. Recent experiments on 
the methylation of the Schardinger dextrins have also 
been described (64). 

That the last step in the methylation process may be 
carried out in ammonia as well as in organic solvents 
has also been demonstrated. Thus, by treating par- 
tially premethylated sugars with sodium in liquid am- 
monia followed by direct addition of methyl iodide, 
Hendricks and Rundle (65) have prepared the tetra- 
methyl derivatives of a-d-glucose, a-d-galactose, and 
a-d-mannose. 

A number of studies reported by Freudenberg and 
co-workers show that premethylation prior to treatment 
with sodium and methyl iodide in liquid ammonia is 
not necessary. Pure unbleached cellulose, methylated 
to a methoxyl content of 44 per ceut. with dimethyl 
sulfate and yielding 0.05 per cent. of tetramethyl glu- 
cose on hydrolysis, has been shown to undergo a marked 
change when treated with sodium in liquid ammonia 
(66). Solutions of the product are much less viscous 
than solutions of the original material. Further meth- 
ylation of this product with sodium and methyl iodide 
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resulted in a methoxyl content of 45 per cent. and, 
yield of 0.2 per cent. of tetramethyl glucose on hydroly. 
sis. When the methylation of cellulose is carried out ey. 
clusively in liquid ammonia at — 70°C. (67), a methoxy! 
content of 45.6 per cent. is realized only after repeated 
treatment with sodium and methyl iodide. Measure. 
ment of the viscosity of choloform solutions of the var. 
ous methylation products obtained in this stepwig 
methylation process showed that the decreased viscosity 
referred to above is first observed when a methoxy] con. 
tent of 42 per cent. is reached. 

This procedure involving exclusive methylation jp 
ammonia has also been applied to the methylation of 
starch (68, 69). A total of five successive treatments 
with sodium and methyl iodide resulted in a methoxy! 
content of 45.5 per cent. The methylation of amylos 
(45.5 per cent. OCH;) and amylopectin (45.9 per cent, 
OCHs) has also been reported. 

The application of these methods is not limited to 
the introduction of the methyl group into organic mole 
cules. Reactions discussed in the following paragraphs 
illustrate their usefulness in the introduction of ethyl 
and benzyl groups as well. 

The earlier synthetic methods developed by du 
Vigneaud and co-workers have been used to advantage 
in the preparation of amino acids containing deuterium 
(70). Methionine-8,y-d2 has been obtained in 78 per 
cent. yield by the reduction of S-benzylhomocysteine- 
8,y-d2 with sodium in liquid ammonia followed by the 
addition of methyl iodide to the reduction product. 


CsHs;CH,SCHDCHDCH(NH,)COOH + Na > 
NaSCHDCHDCH(NH:2)COONa + CHsI — 
CH;SCHDCHDCH(NH:)COOH 


Similarly, homocystine-8,8’,y,y’-ds was prepared in 
90 per cent. yield by the reduction of S-benzylhomo- 
cysteine-8,y-d2 with sodium in liquid ammonia followed 
by oxidation, 


CsH;CH,SCHDCHDCH(NH:)COOH + Na > 


H.0 
NaSCHDCHDCH(NH;:)COONa + [0] ——> 
[HOOCCH(NH,)CHDCHD]S, 


Each compound was found to contain the theoretical 
amount of deuterium. 

The reaction of pentaerythritol with sodium and 
ethyl bromide in liquid ammonia (71) has been shown 
to result in a mixture of the di-, tri- and tetraethyl 
ethers. A satisfactory yield of the diethyl ether was ob- 
tained by the action of sodium and ethyl alcohol in 
liquid ammonia on the dibromohydrin of pentaery- 
thritol. 

S-Ethylhomocysteine (ethionine) has been prepared 
in 75 per cent. yields from S-benzyihomocysteine by 
reduction with a slight excess of sodium in liquid am- 
monia followed by treatment with ethyl bromide (72), 


CsHsCH2SCH2CH:CH(NH:2)CO2H + 2Na > 
NaSCH:CH:CH(NH:)CO.Na + C:H;Br > 
C;:H;SCH:CH:CH(NH2)CO.H 
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In connection with their studies on the thiolactone 
of homocysteine (a protein fragment) du Vigneaud and 
co-workers (73) have prepared the dibenzyl derivatives 
of both the optical isomers of the diketopiperazine of 
homocysteine by the action of sodium in liquid am- 
monia at —33° on homocysteine diketopiperazine, fol- 
lowed by the addition of benzyl chloride: 


H 
Nv 


HS(CH2)2HC C=O 


\N 
H 


+ 2C.H;CH2Cl1 =“ 
CH(CH2)2SH 
of 


H 
ra ~ 
(jH;CH2S(CH2):HC C=O 
O=C CH(CH2):SCH2C.Hs 


‘N 
H 


The polymer-like substance obtained from d-homocys- 
teine thiolactone hydrochloride by treatment with 
dilute alkali was also shown to yield the diketopipera- 
zine derivative of S-benzyl-d-homocysteine by reduc- 
tion with sodium in liquid ammonia followed by 
benzylation. Similarly, the polymer obtained from 
lLhomocysteine diketopiperazine by hydrogen peroxide 
oxidation gave the diketopiperazine derivative of S- 
benzyl-/-homocysteine, thus indicating that the poly- 
merized substance is either a dimeric or polymeric di- 
sulfide of homocysteine. 

Other reactions involving reduction—The N-methyl 
derivative of cysteine has been prepared in 40 per cent. 
yield by the reduction of di-p-toluenesulfonyl-di-N- 
methyl cystine by means of a solution of sodium (seven 
to eight atoms) in liquid ammonia (74). 


N(CHs)(SO2C¢Hs) 
§—CH.—CH—CO,H 
S—CH:—CH—CO;H 
(CHS) (SO2C6Hs) 


NHCH; 
+ Na ~ HS—CH:—CH—CO0O.H 


It was found that an excess of sodium (ten to eleven 
atoms) during the reduction causes racemization. 

The reduction of a number of aromatic hydrocarbons 
by means of calcium hexammonate and ammonia at 
toom temperature has been reported (75). The reduc- 
tion of benzene yielded cyclohexene and traces of 1,3- 








cyclohexadiene. Cyclohexene was produced in high 
yields by the reduction of 1,3-cyclohexadiene while 
toluene and naphthalene gave the corresponding tetra- 
hydro derivatives. It is of considerable interest to com- 
pare these results with the earlier observations of Woos- 
ter and Godfrey (76) and with other results obtained 
in the study of the reduction of aromatic hydrocarbons 
in liquid ammonia (77). 
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Gilman and Bradley (78) have studied the reduction of 
a number of dibenzofuran compounds with sodium in 
liquid ammonia. Dibenzofuran was reduced to 1,4-di- 
hydrodibenzofuran, and 4-hydroxydibenzofuran to 1,4- 
dihydro-6-hydroxydibenzofuran. A 26 per cent. yield 
of dihydrodibenzofuran was obtained by the reduction 


of 4-methoxydibenzofuran. 3-Aminodibenzofuran, 3- 
diethylaminodibenzofuran, and 4-aminodibenzofuran 
upon reduction yielded humus-like materials with 75 per 
cent. of the amines being recovered unchanged. Calcium 
in liquid ammonia was found to reduce dibenzofuran to 
a greater extent than sodium; however, the stage of re- 
duction was not as specific since the product obtained 
using calcium was found to be a mixture. 1,4-Dihy- 
drodibenzothiophene has been formed by the reduction 
of dibenzothiophene with an excess of sodium in liquid 
ammonia followed by the addition of solid ammonium 
nitrate (79). 

Studies on the cleavage (80) of 4,4-disubstituted di- 
phenyl ethers by sodium in liquid ammonia have shown 
that the linkage between oxygen and the phenyl group 
is strengthened against cleavage by the presence of the 
following groups, listed according to increasing effec- 
tiveness: p-CH3;, p-C(CHs3)3, p-OCHs, p-N Hp. 

2,6-Dimethyl-3,5-octadiene has been prepared by the 
reduction of allodcimene with sodium in liquid am- 
monia followed by isolation and catalytic hydrogena- 
tion of the reduction product (81). 

Freudenberg and co-workers (82) have found that 
lignin undergoes partial demethylation when treated 
with a solution of potassium amide in liquid ammonia 
at 20°C. Under similar conditions, the action of potas- 
sium in liquid ammonia results in more extensive de- 
methylation and at the same time produces more far- 
reaching changes in the character of the lignin. Spruce 
wood meal is acted upon by sodium in liquid ammonia 
at its boiling point. About one-half of the product of 
this action is soluble in aqueous alkali and the soluble 
fraction includes about two-thirds of the lignin content 
of the original sample of wood. Under the same ex- 
perimental conditions the action of sodium amide is 
markedly less vigorous. An attempt to remove the 
carbobenzyloxy residue from glucosidocarbobenzyloxy- 
tyrosylglobulin with sodium in liquid ammonia met 
with failure due to the insolubility of the parent sub- 
stance in ammonia (83). 

A study has recently been made (84) of the digestibil- 
ity (by trypsin) of a number of proteins after treatment 
with sodium in liquid ammonia. It was found that the 
digestibilities of egg albumin, silk fibroin, and wool are 
increased. The digestibility of casein is decreased, and 
that of peptone is unaffected by this treatment. Con- 
trols treated only with liquid ammonia appeared to 
digest as rapidly as the reduced materials. 


4. Other Organic Reactions 


Smith and Adkins (85) have shown that ammonia 
adds to mesityl oxide to give good yields of diacetone- 
amine, 
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(CH,):C:CHCOCH, + NH; — (CH;):CNH:CH,COCH; 


The reaction was effected in a sealed tube at 10-238°C. 
over a period of three days. 

The amides of d- and /-erythronic acids have been 
prepared in quantitative yields by the action of liquid 
ammonia at room temperature on the corresponding 
lactones (86). d-a,a-Galaoctonic amide has been 
formed by the action of liquid ammonia on the lactone 
of d-a,a-galaoctonic acid (87). 2,4,6,-Trimethyl-é- 
gluconolactone and 3,4,6-trimethyl-d-altronolactone 
have been converted into the corresponding amides by 
solution in liquid ammonia at —33°C. (88). 

Hilbert and Pinck (89) have shown that fluorylidene 
dimethylsulfide rearranges in liquid ammonia to fluo- 
rene-1-dimethylsulfide. 


CH,SCH; 
CH, CoHs 
| C-—s*(CH)) — | Dor 
C.H, CoH, 


The reaction between chasmanthin (bitter principles 
of calumbo roots) and liquid ammonia over a period of 
six hours at 70°C. has been shown to lead to the forma- 
tion of the isomeric isochasmanthin (90). Calumbin 
similarly treated over a period of twenty-four hours re- 
sulted in a mixture of nitrogen-free compounds. 

Marvel and co-workers (91) have continued their 
studies on the degradation of polysulfones by liquid 
ammonia to cyclic polysulfones and have obtained evi- 
dence for the copolymerization of olefins with sulfur 
dioxide. It has been shown previously that liquid am- 
monia converts 1-pentenepolysulfone to a cyclic disul- 
fone which is alkali soluble. 


CH; 
Ronny 
CH; CH; CH—CH;, 
(CH): CH), — sb 50; 
—CHCH,SO;CH,CHSO,— Now—con 
, (CH), 
bu, 


The polysulfone derived from 10-hendecenoic acid when 
treated with liquid ammonia was also shown to give an 
alkali-soluble cyclic disulfone. 


COOH 
(CH): 
COOH COOH CH—CH; 
(cr (CH), — sd “so, 
—CHCH,SO,CH;,;CHSO,.— CH—CH;, 
(CHs)s 
COOH 
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A copolymer derived from an equimolecular mixture 
of 1-pentene and 10-hendecenoic acid when treated with 
liquid ammonia gave only one cyclic disulfone of the 
type which would result from a polymer in which one 
molecule of 10-hendecenoic acid and one molecule of 
1-pentene are joined by a sulfone linkage. 
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The copolymer prepared from sulfur dioxide and a mix. 
ture containing five moles of 1-pentene to one mole of 
10-hendecenoic acid when treated with liquid ammonia 
gave two products: one identical with the product ob- 
tained from pure 1-pentene polysulfone, the other 
identical with the product obtained from the copolymer 
containing equimolecular amounts of 1-pentene and 10- 
hendecenoic acid. The results show that the copoly- 
merization of equimolecular amounts of 1-pentene and 
10-hendecenoic acid with sulfur dioxide proceeds 
through a mechanism which gives a polymeric molecule 
of a definite type. Recent work has shown (92) that 
vinyl chloride and vinyl bromide polysulfones, unlike 
the polysulfones of other olefins, are converted into 
nitrogen-containing polymers by treatment with liquid 
ammonia. 

Wooster and co-workers (93) have shown that the 
reaction of triphenylmethylsodium with an excess of 
ethylene oxide in liquid ammonia at —33° leads to 
the formation of a product which, upon hydrolysis, 
yields y,y,y-triphenylpropyl alcohol. Sodium tr- 
phenylmethide was prepared by the action of sodium in 
liquid ammonia on triphenylchloromethane. Liquid 
ammonia has been used in the study of the hydrolysis 
products of 2-benzoylaminofuran (94). 


Vv. PATENTS* 


In earlier papers in this series, numerous patent 
references have been overlooked or have been omitted 
because of lack of sufficiently detailed information. In 
the present paper, reference is made to a number of such 
patents which have been issued within the period cov- 
ered by these reviews. 

Processes for the production of urea (95) from carbon 
dioxide and liquid ammonia involve the formation 
of ammonium carbamate and its subsequent conver 
sion to urea either in the liquid state or in solution 
in liquid ammonia. Aminonitriles have been pro- 
duced by treating glycolic acid nitrile (96), hydroxy: 





* The authors wish to express their thanks to Dr. L. F. 
Audrieth of The University of Illinois for his coéperation in sup- 
plying a number of these patent references. 
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nitriles (97), or a mixture consisting of an aldehyde and 
hydrogen cyanide (98) with liquid ammonia under pres- 
sure and at temperatures not greatly above room tem- 
perature. Amino acids (99) such as a-amino-caproic 
acid may be prepared by the action of liquid ammonia 
on the corresponding a-halogeno acids. Amino acids 
have been separated from their mixtures with inorganic 
salts by extracting the acids in liquid ammonia and 
leaving behind the ammonia-insoluble salts (100). The 
preparation of acyl-substituted carboxylic acid amides 
has been accomplished by means of the interaction of 
esters of y-methylenecarboxylic acids and substituted 
alkali metal amides (101). Thus monomethacrylyl- 
formamide was formed by adding sodium to a solution 
of methyl methacrylate and formamide in liquid 
ammonia. 

The formation of ethynylcarbinols has been accom- 
plished through the use of liquid ammonia solutions of 
sodium acetylide at temperatures below the normal 
boiling point of ammonia. Thus, in reaction with 
sodium acetylide, acetone yields dimethylethyny]l- 
carbinol (102); acetaldehyde yields methylethynyl- 
carbinol (103); and ethylene oxide yields 6-ethynyl- 
ethanol (104). Similarly, the interaction of sodium 
acetylide and aliphatic :-keto-carboxylic acids leads to 
the formation of y-ethynyl-y-lactones (105). A method 
for the production of diiodoacetylene involves the re- 
action of calcium carbide with a solution of iodine in 
liquid ammonia at —34°C. under pressure at higher 
temperatures (106). ; 

Numerous applications of liquid ammonia in the solu- 
tion of problems related to the petroleum industry 
have been patented. These patents are concerned with 
the selective extraction of olefins from hydrocarbon 
mixtures (107), the separation of phenols and pyridic 
basesfrom hydrocarbons (108) in mixtures obtained from 
various tars and oils, and the extraction of sulfur com- 
pounds (109) from crude or distilled oils. In a similar 
fashion, liquid ammonia has been shown to be suitable 
for the extraction of phenols, elemental sulfur, sulfonic 
acids, and other organic sulfur compounds in the refin- 
ing of mineral oil (110). Ammonia-insoluble disulfides 
are reduced to soluble mercaptans by reduction in 
liquid ammonia by the action of ammonium sulfide, 
cyanides, hydroxylamine, hydrazine, and so forth, in 
the presence of ammonium salts, alkali metal amides, 
orcyanides. In treating the products of the distillation 
or cracking of petroleum, fractions consisting of middle 
oils have been separated into portions of different hydro- 
gen content by the solvent action of liquid ammonia 
(111) or other suitable solvent. Products suitable for 
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use as motor fuels have been formed by extracting bi- 
tuminous materials such as coal with liquid ammonia 
(112). The ammonia-soluble substances are subse- 
quently isolated and subjected to cracking tempera- 
tures. Liquid ammonia solutions containing an ali- 
phatic diamine such as ethylenediamine and a pyridine 
of quinoline compound have been used for the removal 
of carbon deposits (113). 

A continuous extraction apparatus suitable for use 
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in the purification of crude anthracene has been pat- 


ented (114). Impurities are extracted by means of 
liquid ammonia under a pressure of one hundred to 
two hundred pounds per square inch; the resulting so- 
lution is continuously removed from the extractor and 
the ammonia is recovered. 

Cellulose materials containing esterifiable hydroxyl 
groups have been converted to an alkali cellulose prod- 
uct by treatment with sodium in liquid ammonia (115), 
the resulting salts being suitable for use in the prepara- 
tion of cellulose ethers or esters. Textile materials such 
as yarns have been converted to products which con- 
tain combined nitrogen by treatment with liquid am- 
monia under pressure (116). The affinity of these prod- 
ucts for acid dyes is much greater than that of the 
untreated materials. Ammonia has been used as a sol- 
vent for fibroin derived from degummed natural silk 
(117). 

In the production of fertilizers, liquid ammonia has 
been utilized to introduce combined ammonia (4-6.5 
per cent.) into superphosphates (118), and to prepare 
fertilizer mixtures containing superphosphate and 
sodium nitrate (119), and calcium cyanamide and cal- 
cium nitrate (120). Salts suitable for use as fertilizers 
have been extracted from kainite, carnallite, or nitrous 
earth by the solvent action of liquid ammonia (121). 
Solutions of ammonium nitrate in liquid ammonia have 
been patented under the claim that such compositions 
may be transported more safely than either of the con- 
stituents alone (122). 

Metallic sodium has been produced by the electrolysis 
of liquid ammonia solutions of sodium chloride (123). 
Both alkali and alkaline earth metals have been purified 
by taking advantage of the solubility of these metals 
in liquid ammonia (124). This purification process is, of 
course, effective only in the separation of the metals 
from impurities which are insoluble in ammonia. 

Liquid ammonia has been used to extract sodium 
cyanide produced by heating sodium with crude calcium 
cyanamide (125), and in the preparation of colloidal 
sols consisting of hydroxides of trivalent metals such as 
iron, aluminum, and chromium (126). It is claimed in 
another patent that anhydrous salts such as sodium 
sulfate and calcium chloride may be produced by re- 
moving the water of crystallization by treatment with 
liquid ammonia (127). Application of this treatment is 
disclaimed in the case of salts which are appreciably 
soluble in ammonia and in the case of magnesium 
chloride, the dehydration of which has been reported 
previously (128). A patent has been issued covering 
a fire extinguishing grenade which contains carbon 
tetrachloride and liquid ammonia (129). The purpose 
of the latter is to counteract the toxic effects of the car- 
bon tetrachloride vapors. 
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SIMPLE APPARATUS for DETERMIN- 
ING PERCENTAGE COMPOSITION 


LEROY D. JOHNSON 


Storer College, Harper’s Ferry, West Virginia 


submitted modifications of the Dumas apparatus 


sett experimenters have from time to time 
for determining the percentage composition, but 





the following modification for the general college stu- 
dent has several unique features. 


It not only serves as an apparatus for determining the 
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percentage composition of water, but may be used 
equally well for determining the chemical equivalent of 
both oxygen and hydrogen, or may be used to deter- 
mine the formula of copper oxide. 

In the second place this method partially reduces the 
error due to loss of water about stoppers which usually 
brings about low results in the experiments of this type. 

Thirdly, the cost of materials and apparatus as well as 
the possibilities of breakage of the latter must be re- 
duced to a minimum in the small laboratory. There is 
a decided advantage in the method presented because 
the distilling flask and other pieces of apparatus may be 
used and reused with little possibility of breakage due to 
overheating or carelessness. 

Then, too, time plays an important part in the setting 
up of laboratory pieces of apparatus. It has been found 











Drawing by Allen Anderson 


that this apparatus can be assembled and the experi- 
ment completed in the usual laboratory period of two 
or three hours. 

Finally, since in the assembly of the apparatus and in 
the calculations involved there is a fair degree of accu- 
racy obtainable the method serves as a means of partially 
estimating the ability of the student to become quanti- 
tatively minded. 

The procedure (see figure) and the results of actual 
experiments conducted are included to indicate the 
possibilities of the method. 

Hydrogen is generated in the usual manner by placing 
commercial zinc in a gas generating bottle fitted with 
thistle tube and outlet tube. 

The outlet tube is connected to a calcium chloride 
drying tube which in turn is connected by a piece of 
glass tubing to a 25- or 50-cc. Pyrex distilling flask. 
The glass tubing connecting the drying tube and the 
distilling flask extends to the back of the distilling flask. 

To the outlet arm of the distilling flask is attached a 
straight or U-shaped calcium chloride tube which has 
been carefully weighed to 0.01 g. This calcium chlo- 
ride tube when weighed is closed with a solid rubber 
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stopper at one end and a small piece of rubber tubing 
with a screw clamp at the other end. 

Into the distilling flask is placed about two or three g. 
of black copper oxide wire or powder. The flask jg 
weighed with the copper oxide before the experiment 
begins. 

An ordinary laboratory burner of the Bunsen 
serves to heat the copper oxide in the bulb of the distij. 
ing flask. 

After the hydrogen has shown to be free from air and 
a slow, steady generation of the gas results the clamp 
on the calcium chloride absorption tube (No. 2 in dia. 
gram) is opened, and the stopper in the other end of the 
tube is removed. 

The flask containing the copper oxide is then heated 
slowly. To avoid any condensation about the rubber 
stopper connecting the distilling flask and the drying 
tube it is advisable to heat at intervals the section la- 
beled x—y in the figure or to place a small burner flame 
under this section. Care must be taken not to burn the 
stopper. 

As the reduction proceeds water will form and pass 
by gravitational force down the outlet tube of the dis- 
tilling flask into the absorbent tube. 

When the reduction is complete the flame may be so 
directed to drive all remaining traces of moisture in the 
arm of the distilling flask into the absorption tube. 

The apparatus should not be immediately discon- 
nected, but the copper oxide bulb should be allowed to 
cool down to room temperature with a stream of hy- 
drogen passing through. 

After the tube has cooled sufficiently and all traces of 
water been driven into the absorption tube the genera- 
tor may be replaced by an empty generator bottle 
which is attached to the calcium chloride drying tube. 
Into this empty generator bottle, fitted with thistle 
tube and outlet tube, is poured some water to replace the 
hydrogen in the tubes with air. 

After this is done the absorption tube is immediately 
closed with a stopper in one end and the clamp on the 
other. 

The absorption tube is then weighed separately from 
the distilling bulb. The entire experiment may be 

recorded in table form as below. 


ACTUAL EXPERIMENTS 


Experiment 1 


Weight of distilling bulb and copper oxide before heating 40.37 g. 
Weight of distilling bulb and copper oxide after heating 40.15. 
Weight of oxygen in water formed 0.22 g. 
Weight of absorption tube and contents, stoppers (original) 74.128. 
Final weight absorption tube, contents, and stoppers 74.37 g. 
Weight of water formed 0.25 g. 
Percentage of oxygen in water formed 88.00 

Percentage of hydrogen in water formed 12.00 


Experiment 2 


Weight of distilling bulb and copper oxide before heating 44.48 g. 
Weight of distilling bulb and copper oxide after heating 44.08 g. 
Weight of oxygen in water formed 0.40 g. 
Weight of absorption tube, contents, stoppers (original) 67.518. 
Final weight absorption tube, contents, and stoppers 67.97 g. 
Weight >f water formed * 0.46 g. 
Percentage of oxygen in water formed 87.82 

Percentage of hydrogen in water formed 12.18 
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REFORMS for ADVANCED 
HIGHER EDUCATION 


W. H. E. BANDERMANN 


New York City 


HE desirability of raising the requirements in 

foreign languages for candidates for higher degrees 

has long been openly admitted, not only by repre- 
sentatives of the chemical profession, but also of other 
departments of pure and applied science. Unfortu- 
nately, however, beyond this frank admission of long 
standing, nothing has been accomplished as yet. To 
account for this state of affairs one must realize that 
the present postgraduate study plans are actually filled 
to capacity with indispensable professional courses. 
If all these professional courses were to be retained, 
higher lingual requirements seemed to call for a corres- 
pondingly prolonged total study period—e. g., for a 
study period prolonged by two or three years. If, on 
the other hand, the total study period was to remain 
of unchanged length, it seemed unavoidable to reduce 
important professional courses drastically in time and 
number to make room for comprehensive training in 
foreign languages. Confronted with this dilemma, 
educators concluded that a more thorough lingual 
knowledge apparently could not be realized without 
costly sacrifices, and so the discussion of this problem 
was tacitly adjourned sine die, or at least until a day 
when somebody would arise claiming to have found an 
acceptable solution. 

That day has now come, and with this statement I am 
addressing myself not only to my brother chemists, but 
to almost the entire international world of university 
professions. The new proposals pertain to most of the 
postgraduate courses as given at American and British 
universities. In the future, these advanced courses 
are to be taught by means of two or three of the pro- 
fessionally important languages with about hourly al- 
ternation, and the conventional unilingual lecturing 
during the postbaccalaureate years is largely to be 
abandoned. I, for one, should teach any of my sub- 
jects, e. g., photographic chemistry, in English, French, 
and German. The first lecture of this course would be 
presented by means of English; the second lecture, of 
the same course, by means of French; the third lecture 
by means of German; the fourth by means of English 
again; and so on, up to the end of the course. The 
material taught in the first lecture is not to be repeated 
in the second or third—nor is, as a rule, the material 
of any lecture to be taken up again by means of another 
language in a subsequent lecture. 

Instead of allotting equal time to each of the three 
languages of a trilingual course—that is to say, instead 


of employing the three languages X, Y, Z of a trilingual 
course in the hour ratio 1x: ly: 1z, it may under cer- 
tain conditions be advisable to choose a different ap- 
portionment. For an audience largely composed of 
persons of English (Z) mother tongue who, let us as- 
sume, have previously had a five years’ training in 
French (F) and a three years’ training in German (G), 
one should temporarily allot more time to lecturing in 
German, and less to lecturing in French—as far as this 
procedure is compatible with the amount of special 
English, French, and German nomenclatures and vo- 
cabularies to be assimilated by the students. Thus one 
may tentatively adopt an hour ratio 1: 1p: 2,; which 
means, one hour of English, followed by one hour of 
French, followed by two hours of German; then, one 
hour of English, one hour of French, two hours of Ger- 
man; and so forth, till the end of the course on photo- 
graphic chemistry or whatever the subject may be. If, 
either simultaneously or subsequently, other postgrad- 
uate courses are given in a somewhat similar hour ratio 
and if, outside the class room, parallel to the course, the 
students themselves apply a suitable compensating 
hour ratio to the study of foreign textbooks, reference 
books, and periodicals, the deficiency in German, used 
here as an illustration, will rather soon be duly adjusted 
with respect to English and French. Obviously, there 
are extraordinary cases, where additional circumstances 
may influence the choice of the hour ratio. The rela- 
tive importance of the three languages which are used in 
a trilingual course may have to be taken into account, 
particularly where one of the involved languages can- 
not be reckoned among those which culturally and civil- 
izationally rank highest, or which are essential for a 
certain course subject. 

Continuous intelligibility of the course, in spite of the 
alternation of languages from lecture to lecture, can be 
perfectly ensured, since, at the beginning of a lecture in 
language Y, one can readily give a résumé in this lan- 
guage of a preceding lecture which has been presented in 
language X, and in this résumé one may introduce the 
language Y equivalents of those language X terms the 
significance of which the students have learned already 
in connection with the subject of the preceding lecture. 
At other times one may prefer to give a complete tab- 
ulation of trilingual terminology regardless of the origi- 
nal language schedule. Too strict an exclusion of the 
languages X and Y during a lecture provided for the 
language Z may occasionally bring inconveniences. 
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Besides, one must avoid alternating the languages at a 
didactically objectionable frequency. For instance, 
changing the language every ten hours may contravene 
the primary purpose of the innovation, namely, the 
achievement of coherent mastery of the three languages, 
at least as far as the subject matter of the course is con- 
cerned. If this primary aim is not reached in an ap- 
preciable number of courses, there is no possibility of 
arriving at the ultimate goal, namely a reasonable com- 
mand of the three languages in all subjects pertaining 
to a particular profession. Still more undesirable than 
too low an alternation frequency, is too high an alterna- 
tion frequency which strains both teacher and students, 
retards instruction, and gives rise to lingual corruption. 

Obviously, unilingual courses cannot be eliminated 
in their entirety ‘‘overnight.’’ One by one—at most a 
few at a time—they must be replaced by multilingual 
courses until, after a transition period which may last 
two or more decades, a certain optimum limit value is 
reached beyond which the innovation should not be 
forced. First of all, the public should be painstakingly 
educated so as to forestall as unjustified any and all be- 
littling of old meritorious professors who, due to nat- 
ural conditions beyond their control, cannot take up 
lecturing by means of foreign languages as readily as 
the junior members of the faculty. The gradual build- 
ing up of a trilingual teaching staff, therefore, will re- 
quire long-range planning on the part of the leading 
personages of a university community. At the be- 
ginning, the faculty should search among its own mem- 
bers for trilingualists, since many a faculty has ‘‘Veil- 
chen, die im Verborgenen bliihen.’’ Next, suitable 
bilingual professors and intructors must be encouraged 
to learn to express themselves in a third language. 
Well supplied with such bilingual staff members are 
usually those universities which are affiliated with the 
Catholic Church. These institutions are represented 
in many countries. As to bilingualists in the British 
Empire, a considerable number of particularly valuable 
professors and instructors speaking both English and 
French are at various Canadian universities. The 
United States, although still rather inactive in teaching 
languages is, nevertheless, fortunate at present, because 
during the past fifty years, she has repeatedly attracted 
many qualified immigrants from various European 
centers of culture. These newcomers, if they were not 
yet practically bilingual, in the course of time have be- 
come so together with their offspring, and some of them, 
due to their scholastic attainments, now hold faculty 
positions in American higher education. Partly as a 
consequence of these conditions, in every larger Ameri- 
can university a few bilingual professors and instruc- 
tors can be found who, beside being authorities in their 
professions, speak, with a rich vocabulary, in addition 
to English, one of the following languages: Italian, 
French, Spanish, German, or Russian. The continental 
European universities, in general, are staffed with a 
number of men who are very capable linguists as a direct 
result of the important réle which the study of lan- 
guages plays on the European continent. With all 
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these teachers the reform project may be started witha 
great chance for ultimate success. Even before they 
have arrived at complete mastery of a third language 
they should be induced to give bilingual courses, jp 
consideration of the fact that two bilingual teachers 
one alternatingly using, e. g., English and French, the 
other alternatingly using, e. g., English and German, 
may eventually produce a fair offspring of trilingualists, 
even if the courses of these two teachers are somewhat 
divergent in subject. Supplementarily, a selection of 
professors from foreign universities, be they even unj- 
lingual should be invited to a postgraduate university 
to teach in their native foreign tongues, so that their 
courses may contribute to creating a thoroughly tr- 
lingual generation of university men and women. Asa 
rule, every postgraduate course should be made at 
least bilingual, unless its purpose or subject matter 
disallows such a change. Needless to say, I should be 
pleased if universities at which this multilingual in- 
struction is to be tested would write to me in care of the 
editor of THIS JOURNAL. 

As approximate prerequisite for admission of stu- 
dents to bilingual and trilingual courses, one may con- 
sider a study, at a leading American or British college, 
of three years with six hours’ weekly instruction and 
with the usual additional home work in each of the 
foreign languages involved, or any equivalent prepara- 
tion. This standard should not be considered as rigid 
for a number of obvious reasons. To induce a satis- 
factory enrolment for the new postgraduate courses, it 
may be necessary to launch an educational campaign 
informing the students and the public about the scope 
of trilingual instruction. 

Up to the present, during all the years between the 
baccalaureate and the doctorate, the students have not 
had any opportunity worth mentioning to apply them- 
selves to languages, because every hour was taken up by 
indispensable professional courses. Conceivably, dur- 
ing this period, whatever smattering of foreign lan- 
guages had been acquired in college days, was soon for- 
gotten. Under the new plan, however, all this time can 
now be amply utilized for lingual perfection, without 
there being any necessity for giving up a single course of 
the originally scheduled professional training. Ob 
viously, there is no basis for fear that under a compe 
tent professor, properly prepared students would not 
learn as much professional matter from trilingual lec- 
tures as from unilingual ones. Moreover, by permit: 
ting the raising of the language requirements for ad- 
vanced degrees very considerably, the reforms will auto- 
matically assure, more strictly than ever before, not 
only the exclusiveness and the prestige of higher aca- 
demic certifications, but also the supreme social stand- 
ing of the university professor and his work, throughout 
the civilized world. 

Experience has shown that it is quite possible for 4 
scientific authority to acquire a command of more that 
three languages. One of the most significant examples 
of our time is the celebrated Dutch physicist, Hendrik 
Antoon Lorentz (1853-1928), who lectured extensively 
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in various European countries and also in the United 
States and showed himself just as proficient in French, 
English, and German as in Dutch, his mother tongue. 
Nevertheless, quadrilingual courses, in which four lan- 
guages alternate from hour to hour, are easily seen to 
involve difficulties which may be outweighed only by 
the cogency of special circumstances—e. g., in a country 
where the natives speak a language other than English, 
French, or German. Since the number of such coun- 
tries is considerable, quadrilingual courses may not be 
rare in the future, unless in most of these countries the 
official tongues are dispensed with, as far as advanced 
higher education is concerned, in favor of trilingual 
English-French-German courses. Furthermore, the 
qualitatively and quantitatively fast-advancing scien- 
tific literature of Russian language is about to make it- 
self felt as an additional complicating factor. It is 
generally conceded at present that the Russian lan- 
guage has good prospects to conquer a place, on an 
equality basis, beside English, French, and German, 
thus raising the number of the scientifically dominant 
languages to four. It is of relatively little interest, 
however, whether in future we shall have three or four 
scientifically dominant languages, because in the course 
of decades the numerous subordinate languages, too, 
will accumulate voluminous records of valuable scien- 
tific work. These priceless files will be adequately ap- 
preciated, provided there will then exist a compara- 
tively greater number of scientists who are trilingual 
than there exists today. The greater the number of 
such trilingualists, the greater will also be the clamor 
for putting an end to the bewildering lingual hetero- 
geneity handicapping science. Finally, as an imme- 
diate consequence of trilingual higher education, the 
world’s leading scientists, conscious of their mission to 
be creators and protectors of all culture and civiliza- 
tion, will indubitably adopt one simple artificial lan- 
guage for use among themselves, and leave the continua- 
tion of their national languages to their lay compatriots. 
In this way a comprehensive anastomosis of all scientific 
resources would be realized, lingually scientists would 
have almost ideal working conditions, and everywhere 
progress would be speeded up. I dare say that a stand- 
ard scientific language can hardly be attained, unless 
via bilingual and trilingual instruction in almost every 
phase of advanced higher education. So long as scien- 
tists are not distinctly bilingual and trilingual, they will 
be unable to see, and to appraise, the vast scientific 
treasures lying outside the boundary of the mother 
tongue. Once this hitherto hidden wealth is generally 
appreciated through a multiplicity of languages, one 
simple scientific standard language will soon be agreed 
upon. This scientific language may subsequently be 
used by non-scientists for all kinds of international 
transactions. There is, however, another more im- 
mediate use for trilingualists. As professional leaders, 
distributed all over the world, they could do much to 
bring about, and to maintain, international peace and 
good will. 

Belgium with its dual population of Flemings and 
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Walloons is noted for having universities at which some 
courses are presented exclusively by means of the 
Flemish (Dutch) tongue* to serve the Flemings, whereas 
other courses, sometimes of perfectly identical content, 
employ solely French as medium of instruction in order 
to satisfy the Walloons, too. In some universities of 
South Africa there are likewise two lingually different 
series of courses—courses taught by means of African 
Dutch for the Boers, and courses making use of the 
English language for the British colonists. Another 
interesting example is the University of Fribourg in 
Switzerland at which some professors use only French, 
and other professors use only German, as a medium of 
instruction, whereas still others who are completely 
bilingual give one course by means of the French tongue 
and an additional course by means of the German 
tongue. It is noteworthy that, at this university, 
every member of the department of chemistry gives 
courses not only by means of French, but also by means 
of German. Though these institutions of Belgium, 
South Africa and Switzerland are termed bilingual 
universities, one and the same course at any of these 
universities has always been unilingual throughout, 
up to the present time. Similar conditions prevail, 
particularly in primary and secondary schools, in a 
great many parts of the world. Malta is rather unique 
in that its school system is trilingual, but here, too, 
every course is strictly unilingual, either Arabian, or 
Italian, or English. Without exception, bilingual and 
trilingual educational institutions, up to the present 
time, are politically motivated and serve two or three 
lingually unlike, separatistically inspired, groups of a 
country’s population. It is necessary, therefore, that 
the old bilingual and trilingual institutions with uni- 
lingual courses be differentiated from the new multi- 
lingual institutions with bilingual and trilingual courses 
of the kind suggested for the first time in this paper. 

To some critical friends of mine I am indebted for the 
reminder that a good teacher, of chemistry for instance, 
is not necessarily the one who masters three languages 
beside his teaching subject. In answer to this, one 
must concede that this is reasonably true for secondary 
and college education, but not so for postgraduate edu- 
cation with which the reforms are concerned. It is, or 
rather should be, an incongruity to speak of a leading 
university teacher in chemistry, and not to associate 
with this concept an extensive knowledge of languages. 
As a matter of fact, the more proficient a science teacher 
is in foreign languages, the greater is this teacher’s 
ability and ambition to vie with scientists fotius orbis 
terrarum; the greater is, specifically, this teacher’s 
ability and ambition to pursue independent research 
of unquestionable priority and to inspire the postgrad- 
uates to a career comparable to that of the teacher. To 
emphasize—a research reputation acquired in intellec- 
tual competition not only with the few domestic author- 


*The university textbooks are mostly in Dutch, but the 
language of instruction is mostly Flemish. The differences 
between Flemish and Dutch are extremely few, otherwise these 
two languages are identical. 
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ities, but also with the numerous foreign ones as well 
is the outstanding characteristic of a teacher into whose 
trust one may unhesitatingly give candidates for the 
higher degrees. A teacher of scientific greatness who 
through fluent speech before the students can demon- 
strate eminent foreign language qualifications is irre- 
sistibly accepted by the students as an example which 
continually prevails upon them to apply all available 
time and energy to learning languages, so that in the 
end these students are capable of making ready and 
exhaustive use of the foreign scientific literature. In 
fact, it is high time that languages be recognized as in- 
dispensable tools for the refinement of higher chemical 
education specifically, and for the refinement of most 
postgraduate education generically. There is no coun- 
try, indeed, in which it has not yet happened often 
enough that, due to ignorance in languages and due to 
lack of respect for the foreign scientific literature, ex- 
pensive chemical investigations, either purely explora- 
tive through presumedly uncharted grounds, or in con- 
nection with presumedly new discoveries and inven- 
tions, have been stripped, after publication, of their 
originality nimbus by foreign chemists who proved 
that these investigations represented useless repetitions 
of the work done elsewhere years or decades before. 
Here it seems that a more thorough lingual training is 
destined to rationalize scientific endeavors. Conse- 
quently, one must stand by the demand that in the 
future a teacher for postgraduates should not only 
master the teaching subject as in the past, but should 
also have the ability of speaking and writing in the two 
or three languages particularly important for the teach- 
er’s sphere of professional activity. Highest lingual 
standards and highest professional standards must be 
regarded as inseparable essentials of a great teacher for 
postgraduates. 

The last conclusion makes it almost superfluous to 
discuss the contention of certain circles that a “reading 
knowledge’”’ of foreign languages, as obtained through 
a few undergraduate courses suffices for chemists of 
higher degrees and for most other university professions. 
In reply, one may state that the reading knowledge 
requirement is nothing else but the old artless compro- 
mise with those seemingly incompatible factors which 
were mentioned at the outset of this paper. Now thata 
satisfactory solution has been found for extending the 
lingual background of postgraduates, the reading knowl- 
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edge requirement, time-honored as it has become jp 
the course of many decades in spite of its obvious short. 
comings, should be abandoned as incongruous with 
higher certifications. With the reforms gradually put 
into effect, personal conferences with foreign scientists 
will become more productive and, therefore, more fre. 
quent—so will international congresses as well as lec. 
ture and study tours to the world’s cultural centers— 
all the more so because the means of travel have been 
greatly improved of late, and because the oral discus. 
sion, combined with demonstration and exhibition, jg 
not only indispensable as a supplementary method for 
arriving at scientific truth, but is also sometimes more 
efficacious, and psychologically more influential and 
enjoyable than the customary written or printed con- 
troversy. 

In concluding, I wish to call attention once more to 
the fact that although I have spoken in this paper 
mostly of conditions relating to advanced chemical edu- 
cation, my statements are analogously applicable to 
almost all postbaccalaureate teaching subjects. I can- 
not abstain from reiterating my expectation that the 
new bilingual and trilingual courses will be found to rep- 
resent the quintessence of effectual postgraduate in- 
struction. Itis also reasonable to deduce that the multi- 
lingual postgraduate education will ultimately work for 
the apotheosis of peace and for the adoption of one 
simple artificial international language. In view of 
these circumstances one seems justified to presume that 
the introduction of such reforms will mark a new era 
in the history of education—an era characterized bya 
world-wide revitalization of culture and civilization.* 


* Instead of using the terms of Latin derivation seen through- 
out this paper, one may just as well use the equivalents of Greek 
origin. As most of these Latin and Greek terms are not contained 
in dictionaries, they are tabulated here below: 


unilingualist 

bilingualist 

trilingualist 

quadrilingualist 
multilingualist 

monoglottist (or monoglot) 
diglottist or diglot) 


unilingualism 
bilingualism 
trilingualism 
quadrilingualism 
multilingualism 
monoglottism 
diglottism 
triglottism 
tetraglottism 
polyglottism 


unilingual 
bilingual 
trilingual 
quadrilingual 
multilingual 
monoglot 
diglot 


triglot triglottist or triglot) 


tetraglot tetraglottist or tetraglot) 
polyglot polyglottist (or polyglot) 


Nota bene: Terms as lingual, lingualist, bilingual, bilingualist, 
and so forth, pertain to the application of languages, whereas 
linguistic, linguist, bilinguistic, bilinguist, and so forth, refer to 
the science of languages. 





FUNDAMENTAL CHEMICAL LAWS 
DEMONSTRATED with GASES 
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quickly performed, and discernable at some dis- 
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tance if the audience is large. 


tally verifying and illustrating such fundamental chemi- 
cal laws as the law of definite proportions, the law of 
multiple proportions, and the relationship betweet 
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equivalent and atomic weights, gases are most suitable. 
This is because the volumes of the gases are large enough 
to mask the unavoidable errors which a lecture demon- 
stration may introduce. Measurement of a gas liber- 
ated during an experiment can be accomplished with a 

buret, a gas meter, the volume of water displaced, 
and so forth. However, these methods with which we 
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are acquainted from the technical literature, all have 
one fault in common: following an increase or decrease 
in the volume of the gas the pressure must always be re- 
adjusted; and in so doing, the experiment loses its in- 
trinsic value. 

Demonstrations involving the equality or difference 
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in volumes of gases can be made much more convincing 


by the use of counterbalanced gas bells. (See figure.) 
These gas bells are prepared from thin-walled glass 
tubing 3 cm. in diameter. They are 30 cm. high and 
hold about 200 cc. of gas. The bells are immersed in 
water containers which are prepared from somewhat 
wider glass tubing. A 6-mm. tubing in the center of 
each container serves as an inlet and outlet for the gas. 
Outside of the water container it is bent at a 60° angle; 
and is provided with a three-way stopcock, so that the 
gas pressure may be adjusted before the experiment. 
A glass rod 8 cm. long is sealed to the top of the bell. 
The end of the rod is bent in the form of a hook, from 
which twine is led over a pulley to a suitable lead weight 
to counterbalance the bell. In order that the raising 
and lowering of the bells may be clearly seen from a 
distance, a narrow wooden stick is attached to the glass 
rod. Bent in a half circle and fastened to the stick is 
a paper band or magnesium ribbon which lies almost 
upon a vertical, translucent, cylindrical electric light 
which is burned at low voltage to eliminate glare. 

For demonstrating the relationship between equiva- 
lent weight and atomic weight three bells are employed. 
To each inlet tube is attached a gas generator consisting 
of a wide-mouthed 100-cc. flask provided with a two- 
hole rubber stopper. Through one hole passes a glass 
rod, lubricated with glycerine or vaseline, the end of 
which is formed into a spoon. ‘The other hole carries a 
short bent glass tubing. In one flask place 45 cc. of 
alcohol and 5 cc. of water; and in the lifted spoon 23 X 
4 mg. = 92 mg. of sodium under pure paraffin oil. In 
the second flask place 50 ce. of 1 normal hydrochloric 
acid and into the spoon 24.2 X 4 mg. = 97 mg. of mag- 
nesium ribbon, cut up and well cleaned. The third 
flask contains hydrochloric acid diluted in the ratio 1:1, 
and the spoon contains 27 K 4 mg. = 108 mg. of clean- 
surfaced aluminum slices cut from thin sheet aluminum. 
Mark the starting position on the incandescent lamp, 
and immerse the spoons one after another in the solu- 
tions. Generation of hydrogen begins at once, and in a 
short time the gas bells show that the volumes of hydro- 
gen liberated are in the ratio of 1:2:3. From the 
volumes of the hydrogen developed by dissolving the 
metals in proportion to their atomic weights, it is 
strikingly evident that the atomic weights of these 
metals are respectively once, twice, and thrice their 
equivalent weights. 

To illustrate the laws of definite and multiple propor- 
tions two bells are used. Through one-hole rubber 
stoppers quartz test-tubes are attached to the inlet 
tubing of each bell; 0.6 g. mercuric oxide is placed in 
one of the test-tubes, and exactly twice this amount in 
the other. The incandescent lamps are marked at the 
beginning of the experiment, and then the mercuric 
oxide is strongly heated. Such small amounts of mer- 
curic oxide quickly decompose, and the quartz test- 
tubes cool rapidly. It is seen that the proportion 1:2 
of the volumes of oxygen liberated corresponds to the 
weights of mercuric oxide employed. In demonstrating 


the law of multiple proportions 1.2 g. mercuric oxide is 
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placed in one test-tube, and the same amount of mer- 
curous oxide in the other. After heating these oxides, 
the ratio of the volumes of oxygen generated is 1:2, 
more accurately 1: 1.92. 

To prove that one-fifth of the air, by volume, is oxy- 
gen, a quartz tube containing copper is inserted between 
the inlet tubes of the two bells. The weight counter- 
balancing one of the bells is increased, thereby raising 
the bell and filling it with air. The other bell remains 
completely immersed in water. These positions on the 
incandescent lamp are marked, and the distance be- 
tween them divided into five equal parts by sticking on 
black bands or rubber bands. The copper is then 
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heated to glowing; and, by changing the counterbg. 
ancing weights, the air is forced from one bell to the 
other. With the use of suitable weights, the speed of 
the air current can be adjusted so that it is sufficient ty 
lead the air over the copper only once to remove all of 
the oxygen. In doing this, the first bell sinks to the 
lower position while the other one rises to the band 
marking the four-fifths volume. 

These demonstrations are the more convincing be. 
cause it is unnecessary to touch the apparatus after the 
experiment has once begun; and the results are given 
directly. 





CHEMICAL GENEALOGY 


VIRGINIA BARTOW 


University of Illinois, Urbana, Illinois 


INCE a study of the history of chemistry is in- 
cluded in the chemistry. curriculum at the Uni- 
versity of Illinois, it has been found worth-while 

to use various devices to interest the seniors who take 
the work. Many students see little relationship be- 
tween what has happened in the past and their present- 
day needs. Accordingly, as the lectures near their 
close, a presentation is made of a chemical genea- 
logical tree as illustrated by the accompanying charts. 
The students are very much interested in seeing the 
inheritance which they have through their instructors 
from the great teachers of the past. The charts serve 
to emphasize once more the dependence of today’s 
events on those of yesterday. 

The diagrams include most of the senior staff of the 
chemistry department of the University of Illinois. 
Their names are connected to that of the men who 
directed their doctors’ dissertations. In turn, these 
men were taught by others. The chemists listed fall 
rather naturally into three classes. There are the 
contemporary or nearly contemporary chemists whom 
the staff know. There are those who are not yet in- 
cluded in the histories of chemistry and whose academic 
records must be determined by theses, obituaries, and 
other biographical accounts. Finally, there are those 
men of the nineteenth century or earlier whose story is 
found in any history of chemistry. The information 
has been secured from these sources, the staff, and the 
biographical literature. 


A very few points might be made clear. It is im- 


possible to indicate all the chemists with whom every 
man has come in contact so that the doctor’s degree in 
so far as it is possible has been used as the most signifi- 
cant study. The entire list is given, except in the case 
of Professor Dennis, who had no earned doctor’s degree 
but who studied widely in Germany. Professor Dennis 


wrote a letter to give the information which illustrates 
so well what might be done for each of the men if space 
permitted. 

For other chemists who had no formal degree, the 
person who seemed to have exerted the greatest in- 
fluence was chosen as the “‘forebear.’’ As so often 
happened in the nineteenth century, students traveled 
from one university to another, finally presenting their 
theses at one, so that it is difficult to ascertain to which 
they feel most indebted. On that account, some of the 
chemists are linked to more than one person. Perhaps 
Dumas should have been connected to both Thenard 
and Gay-Lussac. 

Although the universities where the men studied are 
known, the major professor is not always expressly 
stated. This has led to one or two assumptions as it 
the case of Professor Sedgwick. He received his degree 
from the Johns Hopkins University. As Remsen was 
there at the time, Sedgwick must have had some cot- 
tact with that eminent teacher. Both Professor Gom- 
berg and Professor Chittenden obtained their degrees 
in this country but are known to feel very strongly that 
their European training meant a great deal. There 
fore, they are shown as the students of Victor Meyer, 
Baeyer, and Kiihne. 

It is noteworthy that the lines from the men in this 
department converge to three chemists, Berzelius of 
Sweden, Berthellot and Fourcroy of France. The 
diagrams show the chemical center traveling from 
France to Germany as the nineteenth century pro 
gressed. As might be anticipated, Liebig and Wobhler 
play a prominent part in the instruction of the chemists 
of note in the German universities, at the time of 
American chemists started to cross the Atlantic for 
advanced work. : 

This brief presentation is made to introduce this 
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device, which can be applied to any group with a little 
effort. The bibliography is listed for those men for 
whom the literature sources were used. Perhaps some 
reader will know of readjustments which should be 
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made. In conclusion, the writer wishes to express he, 
appreciation to those members of the department at the 
University of Illinois who contributed a considerab 
amount of the information. ; 
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CATALYSIS—4 DEMONSTRATION 


LEROY D. 


JOHNSON 


Storer College, Harper’s Ferry, West Virginia 


N THE October. 1934 issue of the JOURNAL OF 
CHEMICAL EpucaTION! a successful method of 
demonstration of the use of catalysts industrially 

was reported by Haut. 

With a modification of Haut’s apparatus as described 
and as illustrated herewith, and with a few changes in 
procedure, it has been possible to show the catalytic 
oxidation of methyl alcohol to formaldehyde using cop- 
per oxide as catalyst. 

The essential reaction for this oxidation may be 
written: 


2CH;0OH + O, —> 2HCHO + 2H20 


About 50 cc. of methyl alcohol was placed in a round- 
bottomed flask fitted with an outlet tube. A 50-cc. 
distilling flask containing a thermometer inserted in a 
one-hole stopper can also be used. 

This flask was connected to the Pyrex tube where the 
oxidation took place by means of a piece of rubber tub- 
ing attached to a piece of glass tubing inserted into one 
hole of a two-hole rubber stopper which fitted the Pyrex 
tube. 

The flask containing the methyl alcohol was placed in 
an ordinary copper water bath, and during the course 
of the experiment a thermometer was inserted in the 
bath to assure that the temperature did not rise above 





1 Haut, J. Cuem. Epuc., 11, 575 (1934). 


60°, for any temperature above this gave too rapid 
evaporation and consequent condensation of the methyl 
alcohol, increasing the danger of explosion. 

The oxygen for this experiment was generated by the 
usual laboratory method of heating a mixture of potas- 
sium chlorate and manganese dioxide, and was purified 
by bubbling the gas through a bottle of concentrated 
sulfuric acid. The acid wash bottle was very helpful in 
serving as a means of controlling the speed at which the 
oxygen was delivered. 

The purification tube was connected to the Pyrex 
tube by means of a piece of rubber tubing, which in tum 
was attached to a piece of glass tubing inserted in the 
other hole of the two-hole stopper fitting the Pyrex tube. 

The Pyrex tube, about 1.5 to 2 inches in diameter, 
and about 12 inches long, was filled with Baker’s coppet 
gauze and was heated by means of a burner of the Meket 
type to give copper oxide. Into one end of this tube 
was inserted a two-hole stopper carrying the tubes leat: 
ing from the vaporized methyl alcohol and the oxyget. 
To the other end of the tube there was attached a piect 
of glass tubing about one-half inch in diameter and two 
feet long. The outlet end of this half-inch tubing led 
into an Erlenmeyer flask, the bottom of which wa 
covered by a few milliliters of distilled water. 

The apparatus assembled appeared as in the accotl 
panying diagram. 

After the apparatus was assembled, and it was mae 
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sure that all stoppers were fitted tightly, the copper 
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In conclusion it may be stated that this demonstra- 


























re 
me gauze was heated to redness, and the methyl alcohol _ tion: 
derable aS vaporized by a Bunsen burner under the water (1) illustrates the industrial application of a simple 
bath, care being taken that the temperature of the bath organic reaction; 
did not exceed 60°, and that no condensation took place (2) shows the réle of catalysts and their importance; 
as the vapors entered the tube. (3) presents a sensible testing program for the general 
It is advisable to cover the Pyrex tube with wire 
gauze to prevent glass from striking students or opera- 
tor should an explosion occur. 
The oxygen was next generated slowly, and the speed 
E L, of evolution was noticed by watching the bubbling of 


the ek. & acid in the wash bottle. 
As the methyl alcohol and oxygen passed over the 











vel heated copper (copper oxide) the reaction took place 
LL, 2nd f and the odor of formaldehyde was detected in the Erlen- 
k City, B meyer flask. 
Own, J. The reaction was permitted to continue until the 
kiston's § oxygen charge was used up; a portion of the solution in 
the Erlenmeyer flask was then transferred to a clean 
test-tube and treated with an ammoniacal solution of student, 7. e. (a) odor test, (b) visual test of silver mirror; 
silver nitrate. Heating of the mixture and subsequent (4) when employed with Haut method for oxidizing 
cooling resulted in the formation of a silver mirror on ammonia, affords a means of comparing reactions using 
the sides of the test-tube—a confirmatory test for the same catalyst; 
aldehyde. (5) requires simple apparatus and a brief time period. 








A CATHODE-RAY TUBE ALTER- 
NATING CURRENT BRIDGE 
DETECTOR for CONDUCTIVITY 
MEASUREMENTS’ 


FRANK HOVORKA 
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* From a thesis submitted by Elwyn E. Mendenhall to the 
ont Graduate Faculty of Western Reserve University, May 1938, 
in partial fulfilment of the requirements for the degree of Master 
0 Ss. 
1 BREAZPALE, Rev. Sci. Instruments, 7, 250 (1936). 





Western Reserve University, Cleveland, Ohio 


AND 


ELWYN E. MENDENHALL 


Research Division of the Cleveland Clinic Foundation, Cleveland, Ohio 


and Waller? have described units utilizing the 6E5 cath- 
ode-ray tube.* Further changes by Garman‘ and by 
Koehler® have resulted in a circuit of increased sensi- 
tivity and simplicity. The circuits thus described were 
2 WaLLER, R C A Review, 1, 121 (1937). 
3 RCA Receiving Tube Manual, RC-13, p. 73 


4 GarMAN, R. L., Rev. Sct. Instruments, 8, 327 (1937). 
5 KOEHLER, J. F., tbid., 8, 450 (1937). 
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T,, Input transformer 
T2, Power transformer 


R,, 500,000 ohms, 1 watt 


R;, 3 megohms, 1 watt 
Ry, 500,000 ohms, 1 watt 
Rs, Rz, 1 megohm, 1 watt 


Rs, 15,000 ohms, 25 watts 
Ry, 25,000 ohms, 25 watts 
C;, 0.1 microfarads, 25 volts 


L, 22 henries 


in general adapted to inductance and capacitance 
bridges. 

When such a detector is needed in a chemical labora- 
tory it is usually in connection with conductivity meas- 
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FicurE 2.—DETECTOR CONSTRUCTION 


urements. For this purpose it can be further simplified, 
thus increasing the ease of construction without de- 
creasing the sensitivity. This modified circuit is shown 
in the diagram. 


Ro, 2200 ohms, 2 milliamperes 


FiGuRE 1.—A CATHODE-RAY TUBE ALTERNATING CURRENT BRIDGE DETECTOR FOR CONDUCTIVITY MEASUREMENTS 
100:400,000 ohms 
650 volts center tap, 40 milliamperes 


6.3 volts, 1 ampere 
5 volts, 2 amperes 


Re, 40,000 ohms, 1 milliampere rheostat 


C,, 25 microfarads, 25 volts, electrolytic 
C2, 0.05 microfarads, 400 volts 


Cs, 8 microfarads, 500 volts, electrolytic 


Because of the large voltage gain of the input trans- 
former the use of a second 6J7 stage is not necessary 
for ordinary measurements since a rectified power source 
can then be used only when the utmost precautions 
have been taken to avoid hum. Any rectifier hum 
which is present will tend to open the eye without fuzz- 
ing the edges. It is then necessary to reclose the eye 
by an adjustment of the rheostat Re; an adjustment 
which slightly decreases the sensitivity of the detector. 
For this reason it is desirable that any rectifier hum be 
kept to a minimum. 

In general practice it seems advantageous that two 
mountings rather than one be used. In this way the 
rectifier is not limited to a single purpose but is ina 
form in which it may find other uses in the laboratory. 
When two units are used it is of the utmost importance 
that the leads connecting the units be carefully shielded 
and grounded. 

In the use of this bridge detector the rheostat Re is 
adjusted so that 6E5 grid is fully biased, that is, until 
the ‘‘eye’”’ has closed down to a crack. The high fre 
quency alternating current is then applied to the bridge 
and the “‘eye’’ opens, due to the fact that the plate cut- 
rent is on the average increased and more bias is ob 
tained across Rs. The minimum point is then found 
moving the slide wire contact until the eye agaifl 
closes. 

The sensitivity of this detector will be found to equal 
that of a good set of earphones. However, if evel 
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eater sensitivity is required it can be obtained by 


the use of a simple set of lenses for visual magnification. 


SUMMARY 


A simplified cathode-ray alternating current bridge 
detector is suggested for conductivity measurements 
in that: 

(1) It offers a visual means of detecting the minimum 
point and thus avoids the necessity of isolating the 
source of alternating current from the rest of the ap- 
paratus and of maintaining a quiet room in which 
measurements can be made. 
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(2) It is especially convenient for work which re- 
quires a large number of measurements. * 

(3) It is equally as sensitive as any detector yet de- 
scribed. 

(4) It offers, because of simplified construction, a 
cheap, easily constructed unit which serves both as an 
amplifier and as a detector. 


* This detector is now being used in a study of the factors 
involving the solubility of compounds which form renal calculi; 
a codéperative research between the authors of this paper and 
Dr. C. C. Higgins and Dr. D, Roy McCullagh of the Cleveland 
Clinic. 





PSEUDO-ACIDS 


LOUIS H. MUSCHEL* 
New York City 


A STUDY of the behavior of the pseudo-acids, and 
pseudo-bases, affords teachers of chemistry a 
concise example of such varied principles as in- 
tramolecular rearrangement, the non-hydrolysis of salts 
of strong acids, the displacement of equilibria, and the 
difference between the degree of acidity and the amount 
ofacidity. The nitroparaffins are typical pseudo-acids. 
The primary and secondary nitroparaffins are trans- 
formed by alkalis into salts of isomeric forms (Hantzsch) : 


OH 


The salts are not, thus, true derivatives of the nitro 
compounds, but derived from isomers, the so-called iso- 
nitro compounds. While the original nitroparaffins are 
very feebly acidic, their sodium salts are not hydrolyzed 
by water. It follows that since the sodium salts derived 
from strong acids are not hydrolyzed, whereas sodium 
salts derived from weak acids are extensively hy- 
drolyzed, the sodium salts of the nitroparaffins must 
be derived from strong acids, that is, the true acids, and 
the original compounds must be the pseudo-acids. The 
nitroparaffins, in brief, are not true acids, therefore, but 
pseudo-acids. They might preferably be termed poten- 
tial acids, for they are capable of transformation into 
true acids by undergoing tautomeric change. The 
formation of metallic salts by these nitroparaffins 
gives, hence, an excellent example of an intramolecular 
featrrangement and a unique example of the non- 
hydrolysis of salts of typical metals. 

The iso-nitro compounds are comparatively strong 
acids so that the derived salts are but slightly hydro- 
lyzed. In a solution of such a salt, the metallic ion and 
the iso-nitro ion, RCH:NO-O-, are present. Upon addi- 
tion of an equivalent quantity of hydrochloric acid, 
the ions present include Nat, RCH:NO-O-, H+, Cl-. 
Since the pseudo-acids are practically unionized, a 
strong tendency exists for the slow conversion of the 


*Present address: Division of Laboratories and Research, New 
York State Department of Health, Albany, New York. 


iso-nitro ion to the ion of the pseudo-acid: 


RCH:NO-0-@RCHNO,— 
HCI@H*t+Cl~ 
a] 


RCH,NO; 


Removal of the ion of the pseudo-acid as a result of the 
formation of the unionized pseudo-acid results in the 
restraint of the reverse action in the equilibrium be- 
tween the iso-nitro ion and the ion of the pseudo-acid. 
It is of interest to note that as the transformation oc- 
curs the conductivity of the solution diminishes until it 
reaches a value given by a sodium chloride solution of 
the given concentration. The behavior then of the 
sodium salts of the nitroparaffins upon treatment with 
mineral acids illustrates among other things the driving 
of a reaction to completion by the formation of an 
unionized product. 

The pseudo-acids are extremely feebly acidic. Their 
titration value is, however, identical with mineral acids 
of the same normality and volume. Pseudo-acids as 
such will not neutralize bases; they must first undergo 
transformation into the isomeric true acids, which 
neutralize the base. The compounds may, therefore, 
be used to illustrate the not so widely understood 
difference between the degree of acidity or the hydro- 
gen- or oxonium-ion concentration and the amount 
of acidity or the total amount of acidic substances in 
liquids. 

Numerous organic compounds such as nitromethane, 
nitroethane, phenylnitromethane, and cyanuric acid 
react as pseudo-acids. Similar results have been ob- 
tained with the pseudo-bases, which include para- 
rosaniline, cotarnine, and most of the dye bases. 

For the factual information contained in this com- 
munication the author is indebted to Bernthsen’s ‘‘Text- 
book of Organic Chemistry.”’ For an account of the 
original research upon the pseudo-acids, the reader must 
turn to the investigations of Hantzsch.! 





( 1 Ber., 32, 575 (1899); 35, 210, 226, 1001 (1902); 39, 139, 1073, 
1906). 
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N HOMOGENEOUS gas reactions activation is 
assumed to be a product of the energy exchanges 
resulting from molecular collisions. Consequently 

we want to be able to calculate collision rates, and 
steady-state energy distributions. Information on 
these subjects is supplied by the kinetic theory. The 
development will be rather more complete than is 
absolutely essential because kinetic theory is of funda- 
mental interest to students of physical chemistry. 

We begin our discussion with a consideration of the 
properties of an ensemble of perfectly elastic, non- 
attracting spheres of fixed diameter, in rapid and ran- 
dom motion. This is the model of a monatomic 
perfect gas, if we add the restriction that the average 
distance between the spheres is very large as compared 
to their diameters. Individual spheres—let us call 
them molecules from now on—are continually changing 
their velocities as a result of collisions with other 
molecules and with the walls of the container. Never- 
theless, at constant energy (that is, at constant tem- 
perature) the distribution of velocities among all 
molecules in the ensemble is assumed to hold close to 
a fixed pattern—the steady-state distribution. Our 
first problem is to obtain an expression for this steady- 
state distribution. We will follow Maxwell’s original 
derivation, although it has been subject to criticism 
for a reason which will be discussed later. 

Maxwell's Distribution Law.*—The translational 
velocity, c, of a given molecule may be expressed in 
terms of its rectangular components, u, v, w, 


2 = 42? +92 + yw? 


We assume—and this is the assumption that has laid 
the derivation open to criticism—that for a molecule 
picked at random the values of u, v, and w are entirely 
independent of one another. Thus, a large value of 
the component, u, implies neither large nor small 
values of v and w. If this is true, the chance that the 
u component lies between the limits u and u + du isa 
function of u alone. If this chance is W,, we may 
write 
W. = f(u)du 


(The magnitude of W,, obviously is proportional to the 

magnitude, du, of the range between uw and u + du. 

Over this infinitesimal range, f(u) is constant.) 
Similarly, for v and w, . 





* See HINSHELWOOD, ‘“‘Kinetics of chemical change in gaseous 
systems,’’ 8rd ed., Oxford University Press, Oxford, England, 
1933, pp. 6 seg.; JEANS, ‘“Dynamical theory of gases,”’ 4th ed., 
Cambridge University Press, Cambridge, England, 1925, pp. 55 
seq.; JELLINEK, “Lehrbuch der Physikalischen Chemie,” F. Enke. 
Stuttgart, Germany, 1936, Vol. I, pp. 139 seg. 


W. = f(v)dv 
Wi = f(w)dw 


These functions will obviously all be of the same 
form since there is nothing to choose as between the 
three components. (If some force, such as that of 
gravity, acted along one component, this would of 
course no longer be true.) 

The form of the functions, f(u), f(v), f(w), is obtained 
as follows. The chance, W,,,,, that a molecule chosen 
at random has simultaneously a value of 

u between u and u + du, 
of v between v andv + dy, 
and of w between w and w + dw, 


is the product of the independent probabilities, 








Wuew aaa Wu We: We 
= f(u)du-f(v)dv-f(w)dw 
= f(u)f(v)f(w)dudvdw 
re ; dNuow ‘ 
This is also the fraction, V” of all molecules with 
components in the prescribed ranges, 
dre = Were = f(u)f(v)f(w)dudodw, 
or 
dNuw = Nf(u)f(v)f(w)dudvdw 


At this point it is helpful to give the problem a 
graphical representation. We think of a rectangular 
coérdinate system with axes, u, v, w. At any instant 
we assume to make an observation of u, v, and w for 
every molecule. These observations are plotted. 
The result is a distribution of points throughout the 
coérdinate system, each point representing a molecule 
in terms of its velocity components. The quantity, 
dudvdw, represents an infinitesimal volume-element. 
In such a volume-element at any position u, v, w in the 
system there will be the number, dN... of points repre- 
senting molecules having the corresponding ranges of 
u, v, and w. Thus, dN» represents the density of 
dudvdw 
This is given by 





points at that spot. 


dNuvw 
dudvdw 





= Nf(u)f(r)f(w) 


Now we can make an important statement about 
this distribution of points in our coérdinate system. 
It is obvious that each point corresponds not only to 
particular values of u, v, and w but also to a value of 
c, the velocity, since 


c? = 42 + 9? + w? 
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The quantity, c, is the distance from the origin to the 
corresponding point. The direction of the point with 
respect to the origin corresponds to some particular 
direction of the path of the molecule in space. Now 
since all such directions are equally probable, it follows 
that the distribution of points in the codrdinate system 
will be symmetrical with respect to the origin. Hence 
at a distance, c, from the origin the point-density, and 
hence f(u)f(v)f(w), will be thé same irrespective of 
direction and of the individual values of u, v, and w. 
These considerations lead to a solution for the form 
of the distribution function. Suppose we vary 4, 
y, and w infinitesimally by the amounts 6u, dv, dw 
keeping c constant. This amounts to altering in- 
fnitesimally the direction of c without altering its 


magnitude. For the variation, 6c, and therefore dc’, 
is zero 
6c? = 0 
cm ut + 9? + wv 
5(u? + v0? + w?) = udu + viv + wiw = 0 (1) 


The variation also leaves f(u)f(v)f(w) unaltered 
3[f(u)f(v)f(w)] = 0 
or 


of(v) oft) 


1) sup(oyftwe) + buf(u)f(e) = 0 


Of(u) 
Ou 


Sp lui) + 


and so forth. 





Write f’(u) for 


Then, 
f'(u)iuf(v)f(w) + f'(v)bef(u)f(w) + f’(w)éuf(u)f() = 0 
Dividing by f(u)f(x)f(w), 








f'(u) f'(v) i 
flu) *™ + fey *” + Fwy ™” = ° - 
Equations (1) and (2) are solved as follows. Multiply 
equation (1) by a quantity, A, such that 
a + hu =0 
Then, 
Audu + dAvév + Awsw = O (3) 
Now add (2) and (3) 
f'(u) f'@) 4 [£@) it 
[iy +] oe + [FG +] oe + [FS +e] we = 0 
The first term is obviously zero by choice of A, whence 
i a Coa 
Fo) + | év + Fw) od re | bw = 0 (4) 


But dv and 6w may have any infinitesimal values what- 
soever, the correction necessary to keep ¢ constant 
being effected by a corresponding alteration in 6u. 
Equation (4) can then only be true in general if 


f'@) 


Fo) +r»97 =0 


and 





f'@w) 
fw) 


The quantity, 4, was chosen to satisfy a particular 


+ rw = 0 


value of u. It now appears in relations involving 
some other values of v and w. Evidently it must be 
a constant for all these relations to hold true. 
The form of the functions f(z), f(v), and f(w) follows 
at once. Remembering that 
pu) = 


we have 
+ of(u) 
f(u) Ou 
dinf(u) = 
Inf(u) = 
f(u) = 


and similarly for v and w. 

(Note here that the exponent must have a negative 
sign as otherwise the distribution function would 
increase without limit as u increases. This would lead 
to probabilities greater than unity. Likewise it would 
lead to infinite gas pressures.) 

It is convenient to set 





= —hu 


—hudu 
—1/ru? _ In A 
Ae~/au® 


4 
3° lw 
whence 
f(u) = Ae~“*/a 


A may now be expressed in terms of a as follows. 
The chance that a molecule has a value of u between 
uand u + duis 
f(u)du = Ae~4*/a* dy 
T 


ma of all molecules 


This also expresses the fraction, W 


in this range of u values. Thus, 
dN, = NAe-*?/a* du 
Now obviously 
_ @ 
S aN, = 
—2 
or 


S NAe~**/e* du = N 


—-@ 


(Values of « taken from the origin may be either positive 
or negative.) 
Then 


+o 
NA JS e-#*/a* du = N 


—@® 


The value of the integral is avr! whence 


Aavr =] 





1 
A= 
alr 

1 Jeans, “‘Dynamical theory of gases,’’ 4th ed., Cambridge 
University Press, Cambridge, England, 1925. 











and 
1 


a T 


e~u?/a? dy 





f(u)du = 


The Distribution Law for the Velocity, c.—The chance 
that a given molecule has values of u, v, win the ranges 


uand u + du 
vand v + dv 
wand w+ dw 


Wuw = f(u)f(v)f(w)dudvdw 


* a? dudvdw 


IN uno 
iy of molecules with com- 





This is also the fraction 


ponents in the stated ranges. In a u, v, w coordinate 
system dN, is the number of points representing 
molecules in the volume du, dv, dw located in the 
region defined by u,v, w. The quantity 


dNuvw N 


= ah) 


dudvdw actz*/2 


u? + v2 + w? 


e a? 





represents the density of points at www. The points 
corresponding to values of the velocity between c and 
c + dc will lie in a spherical shell of radius c and thick- 
ness dc. The volume of this shell is 4rc*dc. The 
density of points in this shell will be everywhere the 
same since all directions for the velocity are equally 
probable. The density at the position defined by 
u, v, W was given above. Multiplying this by the 
volume of the shell, and substituting 
u2+v2+w? = ¢c? 


we obtain for the number dN, of molecules with values 
of the velocity between c and c + dc 


dN, = SN e-t*/at Axctde 
arn / 
4N 
scons 
a8y/ x 


From the above equation 


“c/a? cdc 


We may now identify a. 


oN, 





dN. 
If we plot oy against c, we obtain a curve starting 


from the origin, rising to a maximum and falling to 
zero when ¢ becomes infinite. The maximum corre- 
sponds to the velocity about which most molecules are 
grouped, and is called the most probable velocity, 
Cy. Its value is obtained by taking the second deriva- 
tive and equating to zero (corresponding to the maxi- 


mum in the plot of ons against c) 
C 





2 
@Ne = BS. c/a? Or 2c —¢2/a? 72 
qe e 2c = ¢ c 
c aby) a 
, 2c 
e~tp*/a* 2cy — —2 e-tp*/atc,? = 0) 
a 
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Cy? 
a? 


a = ¢,, the most probable velocity. 

It is customary to express a in terms of the root 
mean square velocity rather than of the most probable 
velocity. 

Let c, = the root mean square velocity. This js 
defined by the equation 


S cdNn. 
0 
eo a 
c,? is the sum of all the squared velocities divided by 
the total number of molecules. Substituting for dN, 











@ 
Gt = Sf ct ——eC/a* crde 
0 a TT 
4 ce 
= = enc?/a? ode 
ata if 
The value of the integral is 3/5V ra’, whence 
C2 = 4 te 3/3./qob 
abn/ xr 
= 3/ea? 
Thus, 
a? = 2/3 Cr? 


a = alee 


Substituting this in the original equation for dN, 

4N ? 
(?/s)*/2 Nes 

The advantage of using c, comes from the simple 


relation between this and the temperature. This 
relation (which we shall later obtain) is 


1/2. mc? = 3/, kT 


c? 
dN. = —/15 cde 





where m = mass of the molecule 
= gas constant per molecule 
Thus, 
bie 3 kT 
m 
2kT 
Se 9 -i5 
a /3 Cr m 
= 2k7 
a= = 
m 
1/omc? 
dN. = aR kT cde 
Go 
We may also write 
1/omu? 
pee ee 





Ge 
m 


Average Velocity—We have incidentally defined 
two characteristic velocities—the most probable, and 
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We may as well introduce 


the root-mean-square. 
This is obtained 


here a third—the average velocity, ¢,. 
fom the relation 








© 
JS cd N. 
- 0 
Ca W 
Then, 
tL © 4N 
Co = vi + ae c/a? ¢2d¢ 
4 oe] 
is ani e~ 67/a* cidc¢ 
The value of the integral is a*/2, whence 
4 a‘ 
Co. = = — 
atx 2 
a. 
Ve 
or c 
us 
a= Ca 
2 





We may add for completeness 
a = Cp 
a V2]; Cr 


These three characteristic velocities are not very 
different numerically. In terms of 








2RT 7 
Cp = \ -_ 12,900 | Fem. /sec. 
i vt = 14,500 V5 cm./sec. 
Vx mM M 


3 kT yi 
— = 15,80 — cm./sec. 
\ rs 15,800 a Fem /se 


molecular weight. 


Cr 


ll 
- 
- 
ll 


M = 


Criticism of Above Derivation—The form of the dis- 
tribution law which we have obtained by Maxwell’s 
original method is the same as that obtained by all 
methods, and may therefore be taken to be correct. 
The derivation was stated to be open to question in 
that it assumes the distributions of the velocity com- 
ponents to be independent of one another. This 
assumption has been criticised because (as Jeans puts 
it), “The velocities do not enter independently into the 
dynamical equations of collisions between molecules, 
so that until the contrary has been proved, we should 
expect to find correlation between these velocities.” 
The meaning of this may be made clear by the following. 

When two molecules collide, they exchange their 
components of momentum along the line of centers, 
retaining their components at right angles to the line 
of centers. Since the line of centers may lie at any 
angle whatsoever with respect to the codrdinate 
system along which the components of velocity are 
laid off, it is evident that the components of momentum 
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with respect to the line of centers will involve more 
than one of the components of velocity on the uvw 
coérdinate system. Thus, the exchanging of momenta 
in the line of centers involves an alteration of more 
than one velocity component. More than one velocity 
component will thus appear in the equation for this 
exchange. Hence the velocity components are related. 

This criticism of the Maxwell method is perfectly 
valid. Nevertheless, it is to be pointed out that the 
method is applied not to the mechanical process by 
which the velocity distribution is achieved, but to the 
steady-state distribution which results. It is comfort- 
ing, moreover, to find that a more exhaustive analysis 
of the problem leads to the same result. 

The Energy Distribution Law.—Maxwell’s law of 
distribution of molecular velocities provides a basis 
for a distribution law for molecular energies. A 
molecule with a translational velocity, c, has a transla- 
tional kinetic energy, '/2mc*. For the probability, 
W,, that a molecule has a translational velocity between 
cand c + dc, we can write 


c? 


W. = Ate” @*-4nc2de 


where 
1 


ax 
2kT 
m 





To obtain the corresponding probability, We,, that 
the translational energy lies between ¢, and ¢, + de,, 
we substitute 


é = 


cde 


ll 
|e 
1 BS 

Ie 
~ 
nan 
é 


whence 


We-= A’ 


Just as the energy, '/2mc?, corresponds to the 
velocity, c, so to each component of ¢ there corresponds 
a component of the translational kinetic energy. Since 


c2 = u2? + v? + w? 


1/, mc? = 1/2 mu? + 1/2 mv? + 1/2 mw? 


Thus, the distribution law for e, is also a distribution 
law for the sum of the components of the translational 
kinetic energy. We, is in effect the chance that this 
sum has a value within the prescribed limits (€, to 
e. + de.) without regard to how it is distributed among 
the three components. 

We will want to use a similar expression for the total 
thermal energy of polyatomic molecules. This is to 
include terms not only for translational energy but 
also for rotational and vibrational energy. In arriving 
at this expression we should properly take account of 
the quantum restrictions on rotational and vibrational 
energy. This, however, would call for information 
about moments of inertia and fundamental frequencies 
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which is not in general available. 
we fall back on the classical treatment based on the 


In consequence 


theorem of equipartition of energy. According to 
this, each “square-term’” in the energy contributes 
on the average '/,k7T to the total. In the case of 
translational energy, these square-terms are simply 
'/, mu* where u is one component of the translational 
velocity. For rotation, the terms contain the squares 
of the components of angular velocity multiplied by a 
constant of such magnitude that again 1/2, mu,? is on 
the average equal to '/, k7. There will be two such 
terms for all diatomic molecules and for “‘linear’’ poly- 
atomic molecules (e. g., O==C==O); while for other 
polyatomic molecules there are three such terms. For 
each vibrational degree of freedom there will be two 
such terms—one for kinetic and one for potential 
energy. The first involves a velocity squared and the 
second a displacement squared. The energy per 
molecule can then be written 


e = 1/ym(us? +... + ttn®) 


Since the terms (%....u%,) are all equivalent, we 
may apply to all the distribution law already found 
for translational terms 


ut 


We = f(u)du = Ae “du 


For the distribution among ” such ‘‘square-terms” 


uy? + + un? 


a 


War... ten @ Ae du, .... dtty 


Let us write 


+ ty? 


rn® 4," + 


We want now the distribution law for r. This has 
already been obtained for the case that n = 3 in the 
discussion of translational velocity. We have 

rs? 


, : | 
Wa = Ake © 4dwr.2drs 


This was a three-dimensional problem. It introduces 
the volume-element 4rrs*dr3; which is the volume of a 
spherical shell in three-dimensional space. The corre- 
sponding case of n-dimensions is arrived at as follows. 
The volume of a hyper-sphere in n-dimensional space 
is given_by 
wr /any,.” 


"" Thn +) 


Then 
wi/an 
dv, = PC/an +4) nrg” dry 
Since 
T(m + 1) = mI(m), 
P(*/an + 1) = */enT (4/20) 
Thus 
eS Aeneas OR 
P('/,n + 1) T'('/, n)’ 
so that 


Qa'/2m 


, 2 ————— -1 
dup Tye n) ra®—ldr, 
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and 
rn? Qr'i/an 
W fa = Ave a I), n) Tr 


Here W,, is the probability that 7, lies between 1, an 


a~1 dy, 


t + dr,. (Note that for n = 3 
w/t 743 
~" FFD) 
U%/a + 1) = 8/a0(?/2) 
rej) = TCA + 1) 
= 1/,1('/2) 
(1/2) = Vx 
M(/e +1) = Yate 
= Vr 
vg = 4/gxr? 
Also , 
Wr, = At oo en 132 drs 


ain 
= Ate ai 4nr;? dr, 


as previously obtained.) 

We shall be interested in the distribution with re. 
spect to the energy, ¢,, rather than with respect to the 
quantity, 7,. To obtain this we substitute for 1, in 
the above expression. We have 


€n = 1/, mr? 


9 
aetn 
fn? . 
m 
r = 2en Ls 
4 m 
Qen |/am—'/s 
rani = sen 
m 


o = =|" 1/2¢n~'/2 den 
m 
= [2men]~'/2 den 
We have already found 
2aT 
m 


1 [ m ‘i 
ave L2rkT 


m /gn 
“ * [ser] 


Making the substitutions 


Thus 


m Ven 2% Oe'/en FQ, ]'/2" — 1/2 
= |—— kT ———. | — Qmen]—'/1 des 
Wen [ser lj eT TOh = |] [2men] 
1 


én 
We = @ RT en'/2® — 1 den 


(kT }'7" TC/y n) 
We shall want to calculate the fraction of molecules 

with energy, ¢, greater than a given minimum ¢ 

This will be given by the expression 

oo 1 


F=f 


én 
eisininiattzeninas 0 ae ate Ca 
ce RTPA TCA mS TS ' 
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1 Sf e-E ad/t8 -1 de the value at the upper limit(x = «, = ©) is zero, leaving 
[RTPA * TC) n) a ; 





@ m m ae m~2 
P JS x™e*dx = _ a(= ae ae + een vee) 
The integral is of the form xo a a a 
nr ye 
n and S° x™e**dx, Then 
if, o n en? = 
a Le it e/1"—1de, = — € ir( - aT" '. 
ent 
on st ne ae mn 
ba hin i, (RT )20CA/. 2 — 1)e,0°/2™ 3 (RT )4(1/,n — 1) : 
1 oi/m — 2 
qau- = (/an — 2)en ) 
= and 
ak nn xm" a m m~\ pat 7 ae = of (iz) ‘pam 1 =~ j (<7) Jan = 
Sf mmetdx : p S° x™-lestdx F, T/an) ea | (GF + (/2n i + 
mere Om xe te Om m1 1 1 2) af \ = 8 
oo Se pe pons oo es Si terdx | Can — 1)('/an — (5) +... a 
a a a a - 
Ce , j ee E 
M paz m~lpaz aust > pa. J > > <] > a = 
E ms ; wee —r nie: L) Op wo-teeds When oT greater than unity, this series is approxi 
mated by the first term giving 
x™er8 mx™ ese m(m — 1)x™~%ee2 
ba “a oe a? iad 7 : re a’ ees F. 1 =|" o='s os en? 
) "= TOhn) Le “se 
m(m — 1)(m — 2) Wi x™ ~4¢92 dx 7] 
a’ This result is exact form = 2. In this case 
and so on. ‘ 1 fe? y _@ 
‘ Thus, 3= Td) [s e~ RT 
ith re. a) ; 
Ld ™ m as m @ r “= 
to the f xPetdx = e** (= a = ‘ oly m(m = eg OO ) 
ry, in eo x0 hy = e-% 
Since i : ; ‘ 
w This simple expression has been widely used in work 
ee on reaction kinetics. 
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‘ules 
1 HE salvaging of bulbs from broken flasks is an ad- _ sired spot, to seal on side arms, and to flatten or round 
venture which is always exciting and often re- out areas of the bulb wall. If ordinary care be taken to 

warding. prevent thermal strains, bulbs up to 500-cc. capacity 
With a rudimentary knowledge of glass manipulation, may be efficiently handled with an ordinary blast lamp; 
one may easily learn to close or cpen a bulb at any de- beyond this size it becomes increasingly difficult to 
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Of 


round out deformations and to equalize strains. 
course, bulbs of heat-resistant glass require a blast en- 
riched with oxygen. 


v By; a 


FIGuRE 1 FIGURE 2 


To construct a water hammer from broken flasks, 
select two bulbs (Figure 1) of the same capacity (pref- 
erably 150—250 cc.), clean thoroughly, rinse with dis- 
tilled water, and dry. In the first flask (B,, Figure 
2), blow a small opening at a and seal on at this 
point a straight 40-45 cm. length of tubing, 7) (di- 
ameter 10-15 mm.; wall 1—1.5mm.). Then seal off the 
old neck at 6 and round out to produce the form shown 
in Figure 3. In the second flask blow an opening at a 
and seal on a 15-20 em. length of 6-8 mm. tubing (72) 
asahandle. (This handle makes subsequent steps much 








FIGURE 3 FIGURE 4 


easier.) Then seal off the old neck, round into shape, 
and blow a small opening at } to produce the form shown 
in Figure 4. Join on the same axis at (b-c) in Figures 
3 and 4. 

The new form will have the appearance of an elon- 
gated dumb-bell, with a tail piece, 72, atone end. Make 
two right-angle bends in the center of 7, to produce 
the U-form shown in Figure 5. 

In the preparation for the next step, shrink to about 
2 mm. a portion of a straight 6—S-mm. tube and trim 
so that the resulting capillary is about 1 cm. from one 
end and 8 cm. from the other (73, Figure 6). 

Blow a small opening in the wall of 7; near B,, (e, 
Figure 7) and seal on the side arm 7; at (d-e). Seal off 
7, at a and round out the bottom of the bulb By. At- 
tach to 7; a 5-6 cm. length of good gum tubing, 7%, 
carrying a straight glass tube, 74, about 25 cm. long. 
The resulting assembly is shown in Figure 8. By 
alternately heating and cooling, nearly fill both bulbs 
with freshly distilled water; then heat both continu- 
ously until at least seventy-five per cent. of the water 
has boiled out. While the steam is still issuing vigor- 
ously, quickly immerse the side arm 7; in freshly dis- 
tilled water and allow the assembly to suck full. If, 
while still hot, a bubble of air larger than 1 cc. is visible 
the boiling and filling should be repeated. Finally, boil 
the water in both bulbs without interruption until each 
is sixty to eighty per cent. full, remove the heat, im- 
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merse the tube 7; in hot distilled water, and allow tj 
stand until it is evident that the pressure inside the ap. 
paratus is atmospheric or less. Then, before any 
water can be drawn up, quickly screw down a pinch 
clamp on 7. Disconnect 75 and seal off 73 at the 
capillary. This closure must be made in the capillary 
and not at some point where the wall is thin. 





Ficure 5 FIGURE 6 FIGURE 7 


If a vacuum pump is available, the air may be more 
completely removed from the apparatus by boiling the 
water under reduced pressure, and the final adjustment 
of the pinch clamp may be made while still connected to 
the pump. 

The finished water hammer (Figure 9), when cold, 
can be used in a variety of ways. If inverted suddenly, 
the two columns of water will meet noisily near the 
middle of 7). If the small bubble of air, which remains 
inside, is manipulated so that it is entirely in one bulb, 
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FIGURE 9 


FIGURE 8 


the water will not flow from the other end. It is also 
interesting to cause a small bubble of air to go into solu- 
tion by repeated jarring, and to follow the progress of 
solution by the variation in the hammer sound. 

It will be found that the U-form gives a louder sound 
with less danger of breakage than the conventional 
straight form. But one may expect even this new de 
sign to break eventually, for, no matter what the form, 
how thick the glass, or how stern the warning, some ad- 
venturous spirit seems destined to discover the limits 
of endurance. 
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KEEPING UP WITH CHEMISTRY 


Chemistry in 1938. Ind. Eng. Chem., 31, 3-11 (Jan., 1939).— 
Chemical industry produces about twenty per cent. of the prod- 
ucts in this country and has invested $200,000,000 in shipping 
containers. In spite of poor business conditions, there was con- 
siderable expansion in the glass, fiber, chemicals, petroleum, and 
other industries. New plants are being built to operate the 
Houdry process for cracking petroleum. Nylon and Vinyarn are 
two new fibers showing great promise. Wool has been produced 
from casein, but seems to be subject to bacterial action. Glass 
fibers are being utilized for cloth, insulation, anode bags for elec- 
troplating, packing fibers, and bottle cap liners. A new process 
for production of gold finish on cloth consists of impregnating the 
doth with an organic gold compound, such as trialkylphosphine 
aurous halide, which decomposes when slightly heated. The cost 
isestimated at $2.50 per yard and the gold in six yards would be 
less in bulk than a ten cent piece. The potash industry is now 
supplying domestic needs and is ready to export its products; 
CO, has been found an effective preservative especially for small 
fruits during shipment. It is expected that cigarette paper will 
be produced in this country this year. 

Surgical splints made of Lucite make it possible to take X-rays 
without removing the splints. An electrolytic process has been 
announced which is capable of producing a variety of colors, de- 
pending upon the nature of the metal and plating time, without 
the use of dyes or pigments. The color changes in repetitive 
cycles of violet to blue, to green to yellow to red. Treatment of 
Ca(HCO;). water with 2 p.p.M. of sodium metaphosphate will 
prevent the precipitation of hundreds of pounds of CaCO; on 
heating or addition of alkali. Quartz springs or coils are useful 
in making extremely accurate weighings and can be used where 
metals corrode. Ultra-violet rays have been found useful in pre- 
serving foods and will reduce postoperative infection when used 
in hospital operating rooms. Sulfanilamide continues its amaz- 
ing progress as a curative and is finding use in treatment for blind- 

ness resulting from trachoma, and also as a remedy against some 
types of pneumonia; Ag tarnish is prevented by producing a thin 
film of Be or Al oxides by electrolysis or heat treatment. 

Carbohydrates are produced on the surface of pure nickel oxide 
when irradiated with white light in the presence of CO:2, duplicat- 
ing nature’s method with the substitution of nickel oxide in place 
of chlorophyll. Coherent self-supporting films from clay min- 
erals have been produced. They are very resistant, can be used 
as insulators in place of mica, or as wrapping material. A list of 
chemical awards for 1938 is included. SG. 
Sweet potatoes as raw material. H.S. Parne, F. H. THURBER, 
R. T. BALcH, AND W. R. RicHER. Chem. Met. Eng., 46, 69-71 
(Feb., 1939).—Development of a southern sweet potato starch 
industry for supplying a portion of domestic root starch require- 
ments would have several advantages, such as use of a crop ex- 
cellently adapted to southern conditions, low transportation cost 
for taw material and products, production of a by-product feed, 
substitution of sweet potatoes for cotton in submarginal areas, 
greater use of a root crop in crop rotation systems, assistance in 
solving the cut over pineland problem, adequate domestic supply 
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of root starch in case of war, and accessibility for coastwise ship- 
ment. 


The primary problems to be solved are (1) development of an 
economical process for obtaining satisfactory yield of starch of 
high quality (2) selection and development of suitable mechanical 
equipment (3) investigation of the properties of the starch and its 
suitability for various uses (4) development of by-products (5) de- 
vising a method of storing sweet potatoes to permit year-round 
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factory operation and (6) adapting the crop to this new type of 
use so as to obtain feasible raw material cost. 

Some of these problems have been solved and others are only in 
process of investigation. j. W..B. 

Noreflection. Anon. Ind. Bull. of Arthur D. Little, Inc., 144, 
2-3 (Feb., 1939).—Recently research workers at Massachusetts 
Institute of Technology and at the General Electric Research 
Laboratories simultaneously announced the discovery of materials 
which could be put on glass to neutralize its reflection and at the 
same time increase the transmission of light through it. At the 
Massachusetts Institute of Technology they used films of metallic 
fluorides, for example, sodium, calcium, magnesium, or lithium 
fluoride. Evaporated from a hot electrode in a vacuum, the 
fluoride was made to deposit on glass in a thickness about one- 
quarter of the wave-length of a ray of green light in the visible 
spectrum. The material used at the General Electric Company 
is a soap film several molecules thick. By adjustment of refrac- 
tive index, thickness and density of film, the same optical proper- 
ties are exhibited. The first industrial application of these 
results will be to high-grade optical instruments. Ina submarine 
periscope or telescope as much as fifty per cent. of the light which 
strikes the lens is lost by internal reflection within the instrument 
and reflection between the surfaces of the lenses and prisms of the 
instruments is even more serious. They hope to remedy this 
difficulty with the new glass. G. O. 

The electrical chemist. ANon. Ind. Bull. of Arthur D. 
Little, Inc., 144, 3-4 (Feb., 1939).—Electro-organic chemistry 
has attained an industrial position, largely as the result of the 
development of electric treatment of corn sugar. It has been 
possible to produce the useful alcohols, sorbitol, or mannitol, from 
corn sugar or glucose by the use of hydrogen gas at a high tem- 
perature and pressure in the presence of a catalyst; but this 
method of hydrogenation has been hard to control. Electro- 
lytically, these products can be produced thrqugh the use of 
hydrogen liberated during electrolysis. A related electrolytic 
method for production of gluconic acid from corn sugar has been 
developed in which there is produced at room temperature a very 
active chemical agent, continuously regenerated bromine, which 
reacts immediately with the water and glucose present, converting 
the glucose into gluconic acid or gluconates if salts are present in 
the solution. The commercial uses of this acid and its salts in 
tanning, baking powder, and so forth, are in their developmental 
stage although calcium gluconate has been used in calcium de- 
ficiency in medical treatment. Other electrolytic methods are 
constantly appearing, such as that for oxidation of petroleum 
waxes to fatty acids used in soap manufacture. Formaldehyde, 
produced by passing an electrical discharge through a mixture of 
hydrogen and carbon monoxide, has also been reported. 


G. O. 
Make hay while it rains. ANon. Ind. Bull. of Arthur D. 
Little, Inc., 144, 4 (Feb., 1939).—The farmer may now make hay 
without waiting for the sunshine. Rainy weather has always 
prevented the proper drying of hay with always a loss to the crop. 
A new method eliminates the hazards of weather as well as fire. 
The farmer brings in the wet grass, treats it with phosphoric acid, 
and stores it wet in silos. Storage for the wet silage is a tenth of 
that for dry hay. A prominent chemical company is manufac- 
turing a product called ‘‘Phosilage’’ for this purpose. Phosphoric 
acid is not the only chemical that can be used. Other treatments 
include molasses and a special acid mixture. Phosphoric acid is 
attracting more attention because of its threefold action—it 
preserves the hay; increases the phosphorous content of the 

animal feed; and enhances the fertilizing value. ’ 








Have You Hap Your Vitamins? Harry N. Holmes, Oberlin 
College. Farrar and Rinehart, Inc., New York and Toronto, 
1938. ix + 60 pp. 13 X 19 cm. $1.00. 

Teachers of chemistry will find interesting and useful the non- 
technical account which Dr. Holmes here gives of some of the 
relationships of vitamin A and the research work which led to his 
successful crystallization of this substance. This part of the 
text is supplemented by two full-page photographs: the crystals, 
and a model of the molecular structure accompanied by a block- 
letter desk plate of the name as an aid to memory. 

The rest of the book is extraordinarily difficult to review. Ac- 
cording to the preface it is ‘written for the intelligent housewife 
concerned about a wise selection of food for the family, and for 
all others interested in vitamin therapy.” In the opinion of 
the present reviewer it would be wiser not to bring therapy or 
the recommendation of ‘‘capsules”’ and “‘tablets’’ of artificial con- 
centrates into a book apparently written for lay readers with little 
or no scientific training. It would also seem that any attempt 
to treat briefly such a large and important subject, as vitamins 
even in their relations to everyday questions of food selection, 
would justify a more carefully studied and discriminating style, 
such as Dr. Holmes has used so successfully in some of his other 
writings. H. C. SHERMAN 


Co._umBIA UNIVERSITY 
New Yor« City 


A TEXTBOOK OF BiocHEMIsTRY. Roger J. Williams, Ph.D., D.Sc., 
Professor of Chemistry, Oregon State College. D. Van Nos- 
trand Company, Inc., New York, 1938. x + 522 pp. 17 figs. 
14 X 22cm. $6.00. 


Seven years have passed since the author’s INTRODUCTION TO 
BIOCHEMISTRY appeared, a book which is unusual inasmuch as 
the scope includes the biochemistry of plants and lower forms as 
well as that of mammals. In contrast the present book deals 
primarily with animal biochemistry and was designed ‘‘to de- 
velop insight on the part of the student, into the phenomena of 
biochemistry.’’ In the first section, on biochemical materials, 
are found the chemistry of lipids, carbohydrates, proteins, and 
salts, with a discussion on colloidal properties. The next section 
deals with the composition of tissues, including blood. Then 
follows a section on the chemical make-up of foods. In the 
fourth section, which deals with bodily mechanisms for promoting 
and regulating chemical change, are found chapters on enzymes, 
temperature control, chemistry of respiration, control of per- 
meability, hormones, and nervous control. The final section deals 
with digestion, absorption, the metabolisms, and excretion with 
a chapter devoted to chemotherapy. 

The book is engaging and well written, with a refreshingly 
objective point of view and with continued evidence of independ- 
ent thinking. For instance, the oft-repeated error regarding the 
alkalinity of the intestine is replaced by a statement based on 
modern experimentation. Again, the author is frank in stating 
that the early hopes for the demonstration of the importance of 
glutathione as an important factor in biologic oxidations have 
scarcely been realized. The simple but cogent illustrations which 
are frequently cited to emphasize biochemical principles attest 
the sound pedagogical practice of the author. For instance, the 
magnitude of the turnover of material in the course of a year’s 
growth of a twelve-year old child is dramatically set forth. 
Throughout the book there is skillful amalgamation of very 
modern contributions with the classical arguments, particularly 
difficult in so short a book. The typography is good and there 
are few errors in this respect. 

It is to be regretted that Bloor’s suggestion for the classifica- 
tion of the lipids has not been followed; the alternative em- 
ployed in this book is not as clear as warranted by current 
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knowledge. The chapter on colloids should appear earlier in the 
first section. If possible, the material on transport of gases by 
the blood should be amplified in a subsequent edition. The gen 
eral references at the end of the chapters are an excellent device 
to assist the student in collateral reading, but the failure to fing 
there the references touched on in the text is somewhat discon. 
certing. 

The book is perforce highly condensed; this circumstance, to. 
gether with the somewhat abstract treatment of the material, 
will present difficulties to the beginning student in what is, at 
best, a complicated field. The student of medicine, accustomed 
to center discussion in organs and tissues, may at first decide that 
this book is somewhat lacking in functional implications, Hoy. 
ever, to the worker in biology and chemistry, it should prove not 
only useful but stimulating. 

ARTHUR H, Suita 


Wayne UNIVERSITY 
Detroit, MICHIGAN 


Atoms, Rock, AND GaLaxiges, J. S. Allen et al., Members of the 
Colgate University Faculty. Harper and Brothers, New York 
City, 1938. viii + 474 pp. 14 X 21.5cm. $3.00. 


This textbook is based upon a survey course in physical science, 
which has been taught at Colgate University since 1930. It is 
designed to orient the freshmen in the fields of astronomy, geology, 
chemistry, and physics, and contains the usual material found in 
survey texts. 

Although there is some integration, the book consists essen- 
tially of six chapters of astronomy, four of geology, one of meteor- 
ology, and two each of chemistry and physics. However, the 
chapters are not of comparable length, so that about three-fifths 
of the space is devoted to astronomy and geology, leaving about 
one-fifth each for chemistry and physics. As most survey courses 
devote from over one-half to as much as three-quarters of the 
space to chemistry and physics, the treatment of these basic 
sciences in this book is, in comparison, brief and often inadequate. 

The approach is descriptive and informative rather than analyti- 
cal and critical. Though there are many instances in which an 
idea is logically developed (e. g., ‘‘Distances of Stars,’”’ page 429 
seq.) a logical development is not always carried out. Very often 
the information is presented without any indication of how it is 
obtained. Frequently, terms such as “‘molecules”’ are introduced 
for the first time without any explanation and in the same breath 
with words such as ‘‘moon”’ or ‘‘streams,” as though each were 
equally obvious and a part of the experience of the student. The 
authors are apparently aware of the difficulty, for they frequently 
define a term in footnotes or refer to later sections. 

While in general the information is authoritative, one finds 
many carelessly written expressions which are misleading or con- 
fusing, as well as a few errors of fact. For example, the state- 
ment ‘The brightest star we can see in northern latitudes is 
Sirius, . . .” would imply that a star brighter than Sirius is visible 
from the southern hemisphere. Hormones are called ‘fluids of 
complex composition,” and alcohols are defined as “hydroxides 
of hydrocarbons” and are refered to as “polar’’ compounds. 
Banana oil is said to be ‘‘amyl butyrate.” 

Each chapter closes with a rather lengthy summary, in which 
the key sentences of the chapter are repeated. There are alsoa 
good set of questions and a bibliography at the end of each chap- 
ter, both of which should prove of value in the use of the text. 

Despite its shortcomings the book deserves the serious con- 
sideration of the teacher of a physical science survey course, for 
which no adequate text has yet been written. 

THEODORE A. ASHFORD 


Tue UNIVERSITY OF CHICAGO 
Curcaco, ILLInors 
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KARL FRIEDRICH BONHOEFFER (1899- ) 


_ A place in the front rank of the younger physical chemists is 
internationally conceded to Karl Bonhoeffer, who was born at 
Breslau on January 13, 1899. After serving on the western 
front during 1917-18 he began his academic career. Trained 
principally at Berlin, he took his doctorate under Nernst in 1922 
and ihortly thereafter was appointed assistant to Haber at the 
Kaiser Wilhelm Institut fiir physikalische Chemie. In 1930 
he was selected to head the work in physical chemistry at the 
University of Frankfurt and made such an outstanding record 
that in 1934 he was honored by a call to Leipzig as director of the 
Physikalisch-Chemisches Institut, a post made glorious by its 
first incumbent, Wilhelm Ostwald. 

The caliber of Bonhoeffer’s contributions may be judged from 
the fields that have engaged his attention: chemical properties 
of atomic hydrogen, discovered by R. W. Wood (1922-28); 
elucidation of pre-dissociation spectra, discovered by V. Henri 
(1928); detection and quantitative determination of the thermal 
dissociation of water vapor according to: H,O = 4H. + OH 


(1928); discovery of the two modifications of hydrogen pre- 
dicted by quantum mechanics and the preparation of pure para- 
hydrogen (1929); optical detection and determination of the 
solubility of mercury in water and organic solvents (1930); 
detection and study of “molecular” and “atomic” adsorption of 
hydrogen with the aid of para-hydrogen (1931-33); chemical 
behavior of heavy hydrogen; detection and study of the reten- 
tion of deuterium by growing organisms; differentiation of ex- 
changeable and non-exchangeable hydrogen in organic com- 
pounds; acceleration of reactions in heavy water; studies using 
deuterium to unravel the mechanism of hydrogen-ion catalysis, 
tautomerization, condensation reactions (1934-38). He and 
Harteck collaborated on the excellent monograph “Grund- 
lagen der Photochemie” (1933). 

Professor Bonhoeffer is a member of the Kaiser Wilhelm 
Gesellschaft zur Férderung der Wissenschaften and of the 
Sachsische Akademie der Wissenschaften. 

(Contributed by Ralph E. Oesper, University of Cincinnati) 














EDITOR’S OUTLOOK 











NOTICE TO AUTHORS. A slightly revised re- 
print of the JouRNAL’s ‘Notice to Authors’ appears 
elsewhere in this issue (page XVI). Attention is hereby 
called to the few changes made, and to various un- 
changed items more frequently ignored than observed. 

The request that manuscripts be submitted in du- 
plicate is made for two reasons. When it is desirable 
that a paper be submitted to more than one referee for 
criticism, submissions may be made simultaneously, 
rather than consecutively. Also, the duplicate copy 
is often a material aid to the editorial office in proof- 
reading and in checking authors’ proofs. 

The request for ample spacing, both interlinear and 
marginal, is made in the interest of efficiency and clar- 
ity in editing. Even when little or no editorial altera- 
tion in the text is required, certain typographical anno- 
tations must be made, and it is both difficult and time- 
consuming to enter these in cramped space. It is es- 
pecially desirable that the practice of ample spacing be 
extended to literature references and to mathematical 
and chemical equations. 

The former request that manuscripts be accompanied 
by summary abstracts has been dropped in the interest 
of space conservation. Desirable as these summaries 
appeared to many readers, their omission permits the 
inclusion of one or more additional short articles or 
notes in each issue. 


The request that authors’ initials be included in litera. 
ture references has likewise been dropped. This omis- 
sion will tend to make the JoURNAL’s practice more 
uniform, to bring its practice into conformity with that ' 
of the majority of scientific publications, and to spare 
the writer what seems, on the whole, unnecessary labor, 
When it is desirable to identify specifically the bearer of 
a rather common name, or to distinguish between father 
and son, this can well be done by mention of the au- 
thor’s full name in the actual text. All references 
should be double-checked for accuracy. 

Prospective authors are again urged to pay careful 
attention to the instructions relating to illustrative 
material. If one defect occurs more frequently than 
any other in the productions of amateur draftsmen, it 
is the tendency to ink too lightly. Zinc cuts bearing 
very thin lines are all too likely to break down during 
press runs. When diagrams are reduced in size for re- 
production line thickness is reduced in the same propor- 
tion as other dimensions. It is better to err on the side 
of too-heavy inking, if error there must be. 

Scrupulous observance of these and other practices 
suggested in the “Notice to Authors” will increase 
editorial efficiency, obviate errors and delays, and in- 
sure better service to authors. 








EFORE American chemistry had advanced to its 
present high standing in the world of science 
there was a period of slow development influenced 

by great college teachers. Two brothers—Charles 

Frederick Chandler and William Henry Chandler— 


| pie were strong contributors to this development. Charles, 
5 the elder, often referred to as the Dean of American 
. Chemists, was well known as the beloved Professor of 
‘h that Chemistry at Columbia University from 1864 to 1910. 
Spare # William, the younger, occupied a similar chair at 
Tabor, Lehigh University from 1871 to 1906, and attained 
arerof # eminence ina smallersphere. The field of their activi- 
father § ties, however, became international when we consider 
he au- § their work in the realms of scientific investigation, edit- 
rences § ing, and collecting. A survey of the chief works of 
these two brothers is the object of this paper. 

areful The Chandlers came from fine New England stock, 
rative § (1) descendants of William and Annis Chandler who 
than § settled in Roxbury, Massachusetts in 1637. Charles 
en, it Frederick Chandler was born December 6, 1836 at 
ring Lancaster, Massachusetts, and five years later William 
ail Henry was born at New Bedford on December 13, 
— 1841. The two brothers and a sister, Catherine, were 
of T& Ff the children of Charles Chandler (merchant) and Sarah 
oper. # Whitney of New Bedford. Their father, with a bo- 
side  tanical bent, often took them for walks in the study of 
nature. This developed a spirit of collecting flowers, 

tices fF minerals, and so forth, which was to influence their 
rease later careers. Scientific lecturers, among whom was 
d in- Louis Agassiz, who came to their home town, also in- 


fluenced them. At the age of fourteen Charles knew 
that he would be a chemist, and he already had a small 
laboratory at home. His example probably persuaded 
young William to follow the same career. 

C. F. Chandler’s formal academic schooling began 
with study at the Lawrence Scientific School, which he 
entered at sixteen in 1853. While here he met a visit- 
ing lecturer, Dr. Charles A. Joy of Union College, who 
urged him to go abroad for advanced study, par- 
ticularly to Germany for chemistry. To Géttingen he 
went to work in the private laboratory of the great 
Wohler, then to Berlin where he learned analytical 
chemistry from Heinrich Rose and mineralogy from 
Gustav Rose. He met distinguished people at the 


* Presented before the Division of the History of Chemistry 
at the ninety-sixth meeting of the A. C. S., Milwaukee, Wiscon- 
sin, September 5, 1938. 


The CHANDLER INFLUENCE in 
AMERICAN CHEMISTRY’ 


R. D. BILLINGER 
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house of the American minister (2) and visited von 
Humboldt at Charlottenburg. He received his doc- 
torate at Gottingen in 1856. The title of his thesis 







































CHARLES F. CHANDLER 





‘“‘Miscellaneous Chemical Researches’’ indicated that 
breadth of interest which was to mark his later activi- 
ties. 

Home and in quest of a job he heard that his early 
advisor, Professor Joy at Union College, Schenectady, 
needed an assistant. Applying, he learned that there: 
was a vacancy, but no salary for an instructor. To 
remedy this he earned four hundred dollars as janitor, 
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the tasks of which he dutifully fulfilled early each morn- 
ing before teaching chemistry, geology, and mineralogy. 
The next year when Professor Joy went to Columbia, 
Chandler was named his successor and became a full- 
fledged professor at twenty-one. During this period 
his brother, William, came to Union College to begin his 
studies. He eagerly absorbed the chemical training 
in which his elder brother was versed, and there de- 











WILLIAM H. CHANDLER 


veloped a bond in their chemical interests which was to 
be almost as close as their blood relationship. William 
Chandler was graduated from Union in 1862 and then 
worked as an industrial chemist for five years. In the 
meantime his brother Charles was invited to Columbia 
in 1864. 

When Dr. Charles F. Chandler first came to New 
York he worked under a system patterned after the 
European plan, whereby the professor was paid by fees 
collected from students, plus remuneration from outside 
consulting work. Naturally the professor was active 
in seeking both sources of income, but it was surprising 
how much work he always did gratis. The salary 
situation became more certain when the trustees fixed 
it at three thousand dollars per year in 1865. Since 


JOURNAL OF CHEMICAL Epucatyoy 


Chandler served as dean he also received extra te. 
muneration. By 1876 he was getting seventy-fiye 
hundred dollars annually. His chief teaching duties 
were in the fields of general and industrial chemistry, 
although in his first years he taught all branches of 
chemistry and mineralogy. 

Professor Chandler was one of a small group who 
organized the Columbia School of Mines. Almost 
simultaneously he began lecturing (1867) at the College 
of Physicans and Surgeons four afternoons a week. 
In the early morning and at odd times he performed 
investigations for the chemical industries—sugar refin. 
ing, gas manufacture, petroleum, sulfuric acid, and s9 
forth. 

About this time the New York College of Pharmacy, 
then occupying one room in old New York University 
on Washington Square, asked Dr. Chandler for help, 
He began by giving three evenings a week for five 
months. Then four hundred dollars was advanced for 
an assistant and a little necessary apparatus. Chand- 
ler’s work at his three teaching posts was well done 
and won proper recognition. He was on the staff at 
the College of Physicians and Surgeons for twenty 
years; became President of the enlarged College of 
Pharmacy until it merged with Columbia; and was 
Dean of the School of Mines for thirty-three years. 
When the University moved to Morningside Heights 
in 1897 Chandler resigned as dean to become head 
of the University chemistry department until 1911. 

William Chandler’s early industrial experience in- 
cluded contacts with the copper works at New Bedford 
for several years until 1864, and then with the Swan 
Island Guano Company until 1867. With this prac- 
tical experience, which broadened him for his subse- 
quent work, he again followed his brother to study and 
teach at Columbia. Here from 1868 to 1871 he served 
as instructor and received his A.M. degree in the latter 
year. During this period the brothers began one of 
their most important contributions to American 
chemistry—the publication of The American Chemist. 

When the Chandlers began their careers as editors 
and publishers they were only thirty-five and thirty 
years old, respectively. They saw the need for an 
American chemical journal when the American reprint 
of The Chemical News, which had been published 
from 1867 to 1870, was discontinued. 

The policies of the new journal are best described in 
the announcement (3) of the editors. 


“The American Chemist-—This journal will be devoted to 
Theoretical, Analytical, and Technical Chemistry, and the editors 
hope to make it a medium of communication for the chemists of 
the country, not only those who are engaged in theoretical in- 
vestigation, but also those who are devoted to the practical ap- 
plication of chemistry to the arts. Its columns will be open to 
all, and we solicit the codperation and aid of every one who.is et 
gaged in chemical pursuits. The plan of the journal includes, 
in addition to such original articles as may be available, the re 
production of all such foreign and American matter as may be 
thought to be of interest to American chemists. 

“It will be the mission of this journal to expose humbug and 
fraud when they appear under the guise of science, and thus to 


—. 


—-—  s— a ee 


ne mb ti thei 








d to 
itors 
ts of 
| in- 
| ap- 
n to 
; ell 
des, 
. re 
r be 





and 















JUNE, 1939 


aid in dispelling the too common prejudice against science which 
exists in the minds of many practical men who have been imposed 
upon by designing or ignorant pseudoscientists. 

“The time is fast approaching when American manufacturers 
will be compelled, by the small margins of profit and the necessity 
of economy in details, to follow the example of their European 
competitors, and invoke the aid and counsel of science, whenever 
it will enable them to diminish the cost of production or improve 
the quality of the product. Already in many of the more ad- 
yanced establishments, laboratories have been equipped, and 
chemists are now engaged in carefully scrutinizing all the details 
of manufacture. We see, in this, great promise for the future of 
the industry of this country. Teretofore, our factories, like 
our mines, have been conducted on a more or less empirical basis, 
but the rapid growth of the country, and the high protective 
tariffs made it possible for the manufacturer to reap a handsome 
profit notwithstanding. 

“Every day we are approaching more nearly the condition of 
things which prevails in Europe—sharp competition and small 
profits. We invite, therefore, the codperation and encourage- 
ment of the manufacturers in the hope that more intimate rela- 
tions may thus be established between them and the scientific 
men who are capable of improving their respective arts. 

“As we have purchased the subscription list and stock of the 
American reprint of The Chemical News, we shall make it our duty 
to present everything of value in the English edition, to the end 
of the current year. After this year The American Chemist will 
be conducted as an entirely independent journal. 

“The arrangements for the publication of this journal were 
made so late in June that it was impossible to issue the present 
number on July 1st. We are determined, however, that in the 
future the journal shall appear in time for distribution before the 


first day of each month. 
+) ¥¢) CHAS. F. CHANDLER, Pu.D. 
Editors + 


1 W. H. CHANDLER 


“The journal will be published monthly, and will contain forty 
pages of reading matter, forming one volume a year of four 


hundred eighty pages. 
“The subscription price is $5.00 per annum, in advance. 


Single copies, 50 cents—William Baldwin & Co., Publishers, 434 
Broome St., N. Y.”’ 


The American Chemist was successfully published 
through seven volumes until April, 1877. The editors 
were very busy men who could combine lecturing, 
investigation, writing, and travel. The richness of 
their experience and manifold contacts aided in cor- 
relating their several tasks. Some of the activities of 
Dr. Charles Chandler have been told. During this 
period William Chandler was called to Bethlehem, 
Pennsylvania, to the chair of chemistry at Lehigh 
University in 1871, a post left vacant by the death of 
Dr. Charles Mayer Wetherill. Here at the rising 
young technical institution he began his long career as 
chemist, librarian, and author. In 1872 he received 
the Ph.D. degree from Hamilton College. 

In editing The American Chemist the brothers 
jointly shared the many tasks of such a publication. 
Included with scientific discussions by many authors 
were numerous articles appearing under their own signa- 
tures. Charles began reporting the results of his 
investigations of the milk supply of the Metropolitan 
District, which were to lead to his later extensive work 
in connection with the Board of Health of New York 
City. He also summarized (4) an account of his assay 
ton system of weights, the most important step made 
in assaying since Agricola’s use of lesser and greater 
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weights in 1556. This well-known system is now 
universally adopted. 

William wrote on varied subjects: iodine, bromine, 
carbon photographs, and visits to foreign chemical 
plants. There were brevities, book reviews, notices 
from foreign sources, and correspondence. 

The most interesting and important number of The 
American Chemist is the special edition (5) recounting 
the Priestley celebration in 1874. The letter of H. C. 
Bolton suggesting a centennial of chemistry celebration; 
the suggestion of Professor R. L. Bodley naming 
Northumberland, Pennsylvania (Priestley’s last home) 
as the place of meeting; and the invitation of the Gen- 
eral Committee to the chemists of America to meet 
July 31, 1874 “To celebrate by appropriate exercises 
this memorable epoch in the history of chemistry’’ are 
all included. The main events at the meeting were: 


1. A general address by Professor Joseph Henry. 

2. A sketch of the Life and Labors of Joseph 
Priestley by Professor Henry H. Croft. 

3. Areview of the Century’s Progress in Theoretical 
Chemistry by Professor T. Sterry Hunt. 

4. A review of the Century’s Progress in Industrial 
Chemistry by Professor J. Lawrence Smith. 

5. An essay on American Contributions to Chemis- 
try by Professor Benjamin Silliman. 


All of this material is invaluable to the historian of 
chemistry. The Chandlers attended the celebration, 
they reported the happenings, and they were foremost 
among those who formed the American Chemical 
Society in 1876—the germ of which undoubtedly was 
the mass visit to honor Priestley in 1874. 

The details of the organization meetings of the Ameri- 
can Chemical Society were reported in the Chandler 
journal (6). At the first meeting in New York on 
April 6, 1876 Professor C. F. Chandler was elected 
President. At first the Society was conceived chiefly 
as a group of metropolitan chemists. Requests for 
a larger society were received immediately, however, 
and a second meeting was held on April 20, 1876 to 
accomplish this. Dr. Chandler asked that someone 
older than he be elected president, and so John W. 
Draper became the first President of the National 
Society. Both Chandlers were among the charter 
members of the Society, Charles being one of six 
vice-presidents. Subsequently Charles was honored 
with the presidency on two occasions. 

After 1877 the careers of the Chandlers naturally 
diverged more than before because of the demands of 
their respective tasks. There were still many con- 
ferences, exchanges of specimens, charts, slides, and 
mutual help. Both married well and had families. 
Dr. C. F. Chandler married Anna M. Craig in 1863, 
and Dr. William Chandler married Mary Elizabeth 
Sayre in 1873. 

The many activities of the Chandlers when all re- 
counted sound like those of supermen. The conception 


and execution of these works are duly credited to them, 
but the working details were often performed by loyal 
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assistants of all ranks. Many of these have risen to 
claim rewards in business and academic careers. Both 
Chandlers were masters of exposition and experimental 
demonstrations in general chemistry lectures. Those 
experienced in this field know how important are the 
services of faithful assistants in preparing lecture 
experiments. At Columbia for many years Louis H. 
Laudy was the man responsible for such work. Pro- 
fessor Bogert (7) relates that it was humorously said 
“that Chandler must have graduated summa cum 
Laudy.” At Lehigh a like task has been performed 
for more than fifty years by Henry C. Huettig—an 
assistant who still survives to prepare the Chandler 
experiments, although his first master has long since 
gone, 

Columbia sons and friends celebrated a Chandler 
Centenary last year and appropriately honored the 
memory of their famous “Charlie” by a series of meet- 
ings, lectures, and testimonies (8). Leading chemists 
such as Baekeland, Sherman, Bogert, Zons, Ittner, 
Whitaker, Fink, Metzger, Toch, and Child paid 
tribute to him as a great teacher, friend, chemist, 
and organizer. 

Dr. Haven Emerson (9) described the work of 
Charles Frederick Chandler as New York’s first 
public health chemist. This humanitarian phase of 
his life began in 1867 when he made weekly examina- 
tions of water at the old Fifth Avenue reservoir. 

In 1873 Dr. Chandler was made commissioner of health 
and occupied this position for ten years, during which 
time he was considered the most alert and best-informed 
health officer in the United States. Careful and some- 
times dramatic investigations were made of water and 
milk supplies, gas nuisances, kerosene explosions, 
ventilation, cosmetics, disinfectants, and the numerous 
other problems which affect the daily life of a great 
metropolis. The work included not only the analytical 
services of a great chemist, but the major problems of 
engineering as well. 

A personal letter from Dr. L. H. Baekeland recalls 
the fact that Charles Chandler was very active in the 
photographic world and was chief editorof the periodical 
published by the Anthony photo supply house. 
Through Chandler, Dr. Baekeland was introduced to 
the Anthony firm and his enthusiasm was aroused to 
such a point that he decided to settle in the United 
States. Perhaps Velox paper and Bakelite plastic 
might not have become American products but for the 
influence of the charming and generous personality of 
Chandler. 

At Lehigh University Dr. William Henry Chandler 
soon became one of the leading figures on the campus. 
His chemical investigations and those of his students 
reflected the work of the surrounding industries— 
zinc, iron, coal, cement. 

In 1871 a student society was organized at Lehigh 
which was the first of its type in any American college. 
It was early known as the Chemical and Natural 
History Society. A museum was started and money 
secured by subscription to finance trips for specimens 
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from many states. Trips were made to Texas and 
Brazil for minerals, birds, and other specimens. Lee. 
tures were given by distinguished scientists, and 
students were brought in contact with leaders in their 
profession. The name and character of the Society 
has changed somewhat, but Chandler’s little group has 
grown to be one of the largest student chemical societies 
in the country. 

In 1878 Dr. William Chandler—then and since 
referred to as ‘“‘Billie’’—became Director of the new 
Lehigh library in addition to his duties as head of the 
chemistry department. With a very liberal endow. 
ment, this placed him in a responsible position where 
he could purchase fine books and build up his technical 
journals. The breadth of his vision as a curator and 
collector is now witnessed by the many valuable col- 
lections owned by the library. While most complete 
in engineering and technical fields it also boasts rare 
editions in literary fields such as first editions of Shake- 
speare, Robert Boyle, Agricola, and so forth. By 1898 
he could describe it as a library of 100,000 volumes, 
with an endowment of $500,000. 

Perhaps the greatest work which Dr. William H. 
Chandler performed at Lehigh was the erection in 
1884-85, of the unique laboratory which bears his 
name. Built of native sandstone, it was originally 
designed to house departments of chemistry, metal- 
lurgy, and mineralogy. His careful plans included 
adequate ventilation through immense chimneys, 
maximum lighting, a system of speaking tubes for 
communication, centralized stock rooms, a_ large 
lecture room well arranged for visibility, and finely 
equipped laboratories. Like his brother at Columbia 
he also included a chemical museum, and it was one of 
his happy tasks to continually add new items of inter- 
est for his boys. The building cost $200,000, a huge 
sum for the times, and was the best laboratory of its 
day. That ‘‘Billie’’ Chandler was proud and careful 
of his building is attested by a humorous note in the 
college year book, The Epitome, for 1887. ‘‘Students 
wishing to take friends through the laboratory must 
make a deposit of fifty cents with Professor Chandler, 
to provide for wear upon the building.”” Dr. Chandler 
made a study of five outstanding laboratories of his 
time and with the help of Professors Gooch of Yale, 
Drown of Massachusetts Institute of Technology, and 
Newbury of Cornell, he prepared and published a 
report (10) for the Universal Exposition of 1889 at 
Paris, to which he was a commissioner. 

On several other occasions he had served in a similar 
capacity. In 1876 he was a juror at the Centennial 
Exhibition in Philadelphia and in 1878 at the Paris 
Exposition. He also served numerous times on the 
U. S. Coin Assay Commission. 

In his later years William Chandler undertook the 
monumental task of editing an encyclopedia. It was 
a three-volume edition of some 1700 pages, with many 
diagrams and colored maps. It was entitled ‘‘Chand- 
ler’s Encyclopedia”’ and is a credit to him as Editor-in- 
Chief. His chief assistant editors were F. M. Bird, 
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Bditor of Lippincott’s Magazine, C. W. Dietrich, E. M. He was President of the American Chemical Society 
Martin, and A. S. Martin, and there were experts in 1881 and 1889, President of the New York Chemists 
handling the many special fields. Chandler himself Club in 1899, President of the Society of Chemical 
contributed the material for twelve major fields of Industry in 1900, and received the Perkin Medal in 
information. 1919. When he died on August 25, 1925 the public 
Dr. William Chandler’s students praise his memory and scientific press paid him the highest tributes an 
for all the attributes which make a great teacher. He American chemist had ever received. An editorial in 
was kind and sympathetic, and courteous in manner. The New York Times (11) lauds him as health defender, 
Letters from Lehigh alumni attest his “lucid lectures educator, and “‘one of New York’s great and most use- 
and painstaking laboratory experiments.” Others ful citizens and withal one of the most genial and like- 
describe his zeal in obtaining employment for his able of men..... When we study the long list of 
analytical chemists. His labors on the campus chemists who have studied under him and reacted to 
reached all departments. ‘Twice he served as acting his stimulus, the conclusion is inevitable that there was 
President, in 1895 and again in 1904-05, and his tem- a catalytic force, a genius there, beyond analysis or 
porary administrations were marked by efficiency. symbolic expression.” 
Ill health forced his retirement in 1906, and he died The combined teaching activities of the Chandler 
on November 23 of that year. His memory on the brothers cover eighty years of influence touching 
campus is perpetuated by the laboratory which he directly perhaps forty thousand students. The in- 
built, and which now bears his name, and also by direct influence through their writings and through 
annual student prizes endowed by his widow. students of their students can never be completely 
Charles Frederick Chandler survived his younger evaluated. 
brother by nineteen years and lived to receive many 
well-earned honors. When he retired in 1910 as 
emeritus professor, alumni and friends held a grand The writer is grateful for literature and letters fur- 
celebration for him and established the Chandler nished by Professors Zanetti, Baekeland, and Bogert of 
Lectureship and the Chandler Medal. The medal is Columbia University, and for information from Mr. 
given annually to a great scientist who has advanced Leach, Librarian, and Professors Eckfeldt and Die- 
far in that field which Chandler considered ‘‘the grand- fenderfer at Lehigh University. Alumni of both 
est sport of his day’’—chemistry. institutions supplied additional information. Photo- 
His list of honors included degrees from New York graphs were kindly furnished by Mrs. A. C. Dodson, 
University, Union College, Oxford, and Columbia. a daughter of Dr. William H. Chandler. 
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SCIENTISTS MUST ACHIEVE 
POWER of EXPRESSION’ 


J. R. MANNING 







Bureau of Fisheries, U. S. Department of Commerce, Washington, D. C. 


OU will not be judged so much by what you know or in similar words, and it contains an important mes- 

as by what others think you know. You have sage. Sit down and think it through and through. 
often heard this expression, either in these words How do others know how to estimate you or what you 
i. , : ‘ know? By what standards do they judge you? 
cture delivered to seminar of graduate students in the Another way of stating this matter to you w ould be to 


Department of Bacteriology at the University of Maryland, : , 
College Park, Maryland, October 19, 1938. say that people judge you by the reflection of your 
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personality as conveyed to them in your power of ex- 
pression, This is a fair and reasonable standard of 
evaluating you, for of what use is knowlege or achieve- 
ment if you cannot or will not pass it on to others? 
Of what value is it to the world if it perishes with 
you?) How many men of science, however, have 
thought this thing through? 


I think that herein lies an answer, in part at least, 
to the reason why science and technology have not 
been able to teach the people how to make proper 
social use of the great discoveries of our modern times. 
I believe that scientists must assume a part of the blame 
for the lagging of social progress behind that of me- 
chanical progress. In fact, there seems to be on the 
part of scientists almost a contempt for report writing 
or other paper work. This is an explanation to the 
contention you often hear that scientifically trained 
men make poor administrators. Every human being, 
whether he wants to or not and whether he believes it or 
not, is struggling at all times for the power of expres- 
sion. It is the ego in him but, if controlled, it is a com- 
mendable ego. Some people achieve the power of 
expression, some do not, and others do not even try. 
While I do not want to be a traitor to my class or pro- 
fession, I am sorry to say that many scientific investiga- 
tors fall in the third class. To my mind, disorderly 
reports represent a disorderly mind or disorderly proc- 
esses of thinking. Everyone knows that orderly and 
logical processes of thinking are more important in 
science than in any other human endeavor, and there is 
also an absolute and practical necessity for oral and 
written simplicity of style in the translation of scientific 
results. 

During my entire twenty years of experience, I have 
found most technical men to be deficient in this ability 
and it has always been a mystery to me why a man, 
who can master the complexities of advanced chemistry, 
mathematics, engineering, bacteriology, and other 
sciences, cannot or will not master the most important 
subject of all, the power of expression or the ability to 
tell others, either in oral or in written style, what he 
knows. Yet, we men of science, who consider our- 
selves educated men, should be able to see that it is on 
the basis of this one factor that our associates and all 
others will judge our proficiency and accomplishments. 
My experience in supervisory work of a technical and 
administrative nature has convinced me that it is ex- 
tremely difficult to write other men’s reports for them, 
especially those reports which cover highly specialized 
fields of research, and it is just about as onerous a task 
to be forced to revise and review them. It should not 
be necessary for an executive todo this. These workers 
should realize that their writings constitute the princi- 
pal limiting factor in their success. Unfortunately, it 
is sometimes extremely difficult to make scientific inves- 
tigators realize the importance of mastery of the English 
language and the power of expression. 


I believe that much of this trouble lies in the early 
training of our youth. The high schools, the colleges, 
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and the universities must assume much of the blame 
for this situation. If I were in responsible charge of 
the education of young people in these institutions, | 
would not grant a student his diploma or his degree 
until he had convinced me that he had mastered his 
mother tongue, that he had achieved reasonable facility 
of expression, both in the oral and in the written word, 
and that he could deliver the thoughts in his mind to 
others in such a manner that he would receive the 
respect and attention of his hearers which comes as q 
result of understanding. I sincerely believe that I am 
bringing to you the most valuable lesson I have learned 
in the twenty years I have been out of the university, 
The most important subject in your curriculum is the 
English language because, I am convinced, that the 
whole process of thought is tied to language. We 
think in words, and the power of expressing those words, 
whether you be the preacher in the pulpit on Sunday or 
the engineer in the field on Monday, will be the limiting 
factor to success in any human profession or mental 
activity. Be simple. Remember that the most master- 
ful expressions of the human race have been clothed in 
simplicity. Be logical. Understanding must come 
step by step. Make your thoughts flow in logical 
sequence even as the rhythm of the river. Be coherent. 
Dress your reports in attractive words, but do not be 
bombastic. Superfluous verbosity is only a cloak. 
It is sometimes a stall, a subterfuge, or a temporary 
expedient. It is sometimes used to hide ignorance. 
For instance, I once heard a freshman in college say, 
when the sophomores were “hazing’’ him, ‘Your dic- 
tion is too copious for my diminutive comprehension.” 
Even the illiterate sometimes try to hide their sins 
behind bombastic expression. You may have heard of 
the old Indiana farmer whose conscience hurt him be- 
cause he had not invited his neighbor to go to the State 
Fair with him. He met this neighbor on the road soon 
after the Fair was over, and asked him why he had not 
seen him there. Before his neighbor could reply to the 
fact, well known to him, that he had no means of trans- 
portation, he said, ‘‘Well, Bill, if I hadda knowed that 
you had wanted to went, I wouldda seen that you had 
gotten to git to go.” 

In the various executive positions which I have held 
during the past twenty years, it has been my responsi- 
ble, and sometimes pleasant, duty to interview a con- 
siderable number of young women for stenographic or 
secretarial positions. Nearly all of them have had 
high-school training and many of them have had some 
college training. It was not long before I found that 
their training in English was deplorable and _ their 
ability to express themselves atrocious. The pet- 
centage of near-illiteracy was extremely high. True, I 
found some of them well trained in this respect, but 
these persons were in the minority. And yet these girls 
are not stupid by nature. One of the first things 
you notice about them is their serious lack of vocabu- 
lary. Iam truly sorry to say that the power of expres- 
sion of the average young American is confined to a few 
hundred words. Beyond this point the English lan- 
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e is as unknown to him as to Kipling’s famous 
penighted little H indu. 

Not all technical men are careless or contemptuous 
of the need for mastering the power of expression. 
Many of them are afraid to try it. They think that 
this faculty is one which must be inherited, an attribute 
of genius or one which can be achieved only by the 
long practice of such professions as ministry and law. 
They seem to feel that unless you have the ‘‘knack”’ of 
power of expression, you cannot acquire it. Let us look 
jnto this “‘bogey man.’’ Let us dissect him, take him 
apart, and analyze him. For instance, the first thing an 
investigator should consider in attacking a new problem 
ijs—what has been done on the problem by others. A 
summary of this previous work constitutes the intro- 
duction and historical background of the report he will 
write upon completion of the work. He next plans his 
investigation or experimental work, step by step, but, 
in so doing, he considers carefully what variable fac- 
tors may enter into the problem and to what extent his 
experimental procedure is “bullet-proof,” so to speak. 
This constitutes the recital of his experimental pro- 
cedure or method of attack in the subsequent report 
he will write. He has followed this procedure, logi- 
cally, in the laboratory. The observations he makes 
constitute his interpretation or discussion of the results 
in his report. He reaches conclusions before he writes 
and surely he should be able to set them down in simple 
language in his summary or his conclusions. Thus, if 


he would only think things through, the “big, bad 
wolf’ would fade away and his report would be written 
indelibly across his mind before he even sits down to 
write. 


Consequently, it all seems so simple to me that 
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if an investigator approaches a new problem in the 
right manner, his plan of procedure or attack practically 
constitutes the skeleton or outline of the report he will 
subsequently write when the problem has been com- 
pleted or solved. It is the same thing that the preacher 
does when he selects his text and prepares a sermon. 
It is the same thing that the lawyer does when he pre- 
pares his case before going into court. It is the same 
thing that the salesman does before he approaches his 
prospective customer. Plan your attack, then attack, 
and then you can do what Caesar did when he crossed 
the famous Rubicon. You, who are students of Latin, 
will recall that Caesar tersely reported to his superiors 
in Rome, ‘Veni, vidi, vici—I came, I saw, I con- 
quered.”’ 

The secret of success, I believe, is organization— 
organization of attack and organization of expression. 
Logical processes of thinking and simplicity of style in 
expressing it to the world bring success nearer to you 
and arouse the interest of others in your achievements. 

Scientists must achieve the power of expression so 
that they may help the various people of the world to 
digest, to control, and to apportion with equality the 
benefits of this age of industrial miracles in order that 
they may use these mechanical tools, not for their own 
destruction, but to improve the art of living. It is 


only in this way that man can develop the necessary 
social intelligence to master the complexities of civiliza- 
tion and go forward. 

My experience tells me that the facility of expression 
is the most valuable attribute any person can possess. 
It is the very ultimate of education. 
an educated man. 


It is the proof of 
It is the requirement of a leader. 















MINUTES OF THE EXECUTIVE COM- 
MITTEE MEETING OF THE DIVISION 
OF CHEMICAL EDUCATION 


The Executive Committee met on Wednesday, 
April 5, in Baltimore, with the following members 
present: M. V. McGill, N. W. Rakestraw, V. Bartow, 
S. R. Brinkley, R. D. Reed. 

The Committee on Tests and Examinations was 
authorized to proceed with the collection of general 
material for routine tests in chemistry, to keep the same 
on file, and to make it available to members on request. 

The newly-appointed Committee on the Teaching of 
Chemistry in Secondary Schools was authorized to incur 
expenses up to the amount of fifty dollars, which was 
duly appropriated for this purpose. 









The Treasurer reported as follows for the period 
August 31, 1938, to March 25, 1939: 





Cash in bank August 31, 1938 $568 .37 
Receipts from dues and bank 144.41 
$712.78 

Expenditures: 
Abstracts, Dallas and Milwaukee meetings 17.59 
2.00 


Receipt cards 
Mack Printing Company, printing, and so forth 13.09 
Expenses of Secretary’s office 50.00 
Editor’s expenses to Milwaukee meeting 30.90 





Member’s subscription to Journal 2.00 
$115.58 

Receipts less expenditures $597.20 
27.00 


Outstanding checks 


Norris W. RAKESTRAW, Secretary 





An INTRODUCTION 70 the PHASE 


RULE. PART II 


H. G. DEMING 


University of Nebraska, Lincoln, Nebraska 


SUCCESSIVE STATES OF APPROXIMATE EQUILIBRIUM 


N IMPORTANT extension of the phase rule is to 
the successive states of approximate equilibrium 
that are observed when some of the transforma- 

tions and transferences within a system promptly at- 
tain equilibrium, whereas others progress slowly in one 
direction and never attain equilibrium. The sub- 
stances concerned in a chemical transformation that is 
negligibly slow may be regarded as independent com- 
ponents; otherwise expressed, the chemical equation 
expressing equilibrium for such a transformation no 
longer appears as a restriction, hence the variance of 
the system is increased by one unit. 

Similarly if the transfer of any material across a phase 
interface is negligibly slow, the corresponding equation 
expressing equality of rates of transfer in opposite di- 
rections disappears as a restriction and the variance is 
increased by one unit. Such an extension of the phase 
rule merely asserts that if any of the adjustments (trans- 
formations or transfers) that tend toward establishing 
equilibrium happens to be extremely slow, the other 
adjustments will make nearly the same progress that 
they would in the complete absence of the slow ad- 
justment. 

The phase rule may even be applied to cases in which 
there is a slow diffusion of some material within a non- 
homogeneous phase. For example, with an aqueous 
solution in an open beaker, the space immediately 
above the surface of the liquid may be considered 
saturated with the water vapor and in equilibrium with 
the liquid, even though the equilibrium is slowly being 
disturbed by the diffusion of water vapor into the sur- 
rounding atmosphere. 


SOME COMMON DIFFICULTIES 


Is the air that is intermingled with the water vapor 
above a solution contained in a beaker to be considered 
as contributing new components to the system? 
Strictly speaking, yes. But each of these components 
(Ne, O2 A, and so forth) is ordinarily present under a 
definite partial pressure, the sum of the partial pres- 
sures being ordinarily, nearly enough, one atmosphere. 
In specifying the partial pressures we use the extra 
variance that we gain by having more components, 
hence the net variance and the number of phases re- 
mains unaltered. For this reason the atmosphere 
may commonly be neglected. 

The pressure, in applications of the phase rule, is that 
set up by the vapor phase, if present. We may often 


assume that a vapor phase is present, even in systems 
in which the vapor pressure is not large enough to be 
measured. Nevertheless, by applying a sufficiently 
large external pressure we may cause a vapor phase to 
disappear completely, by being condensed to a liquid 
or solid. Diminishing the number of phases by one 
gives an extra unit of variance, which may be used in 
specifying the pressure, in the range above that at 
which the vapor phase disappears. 


The phase rule does not indicate the nature of the 
phases that are present when equilibrium is attained, 
but merely how many phases must be present with the 
variance observed, or what variance will account for the 
observed number of phases. Furthermore, it does not 
reveal the range of any variable. For example, if a 
system has a variance of one we may arbitrarily alter 
the temperature through at least a small range. This 
alteration in conditions will induce chemical reactions 
or exchanges of material between the different phases, 
or both, until each phase has been so altered in com- 
position that it is again in equilibrium with other 
phases, at the new temperature. The phase rule does 
not state whether the permissible alteration in tem- 
perature is large or small. If it happens to be only a 
few degrees that particular phase-set may be over- 
looked in a hasty experimental survey. 


APPARENT EXCEPTIONS TO THE PHASE RULE 


The phase rule appears to fail whenever two phases 
become identical at the limit of a certain range of tem- 
perature pressure, or at the limit of a certain range of 
composition. Thus a two-component system (e. g., water 
and phenol), at the critical solution temperature, would 
appear to represent two phases (liquid and vapor) in 
equilibrium. The variance should therefore be two. 
Actually, with that particular phase-set, the tempera- 
ture is invariable. If we raise it the liquid phase dis- 
appears by evaporation; if we lower it the liquid phase 
separates into two liquid phases. 


The difficulty disappears if we observe that at all 
temperatures up to the critical solution temperature 
we have two liquid phases and a vapor phase. The one 
unit of variance thus indicated may be used in specify- 
ing that the concentration of either component in the 
one liquid phase shall bear any chosen ratio to its con- 
centration in the other. ‘The temperature is then in- 
variable. At the critical solution temperature the 
chosen ratio of concentrations is a ratio of 1:1, for 
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either component (and hence, almost necessarily, for 
both components). 

Asimilar difficulty is encountered whenever two com- 
ponents form a continuous series of solid solutions, 
with a minimum melting temperature (the system 
mercuric bromide-mercuric iodide, for example). At 
the minimum melting temperature we have a solid 
solution, liquid solution, and vapor, in equilibrium. 
This would indicate a variance of one; yet the minimum 
temperature is definite and invariable. The correct 
approach is to observe that at all temperatures, in 
descending toward the minimum temperature, we have 
the phases just indicated and a variance of ome; and 
we use this unit of variance in specifying that our tem- 
perature shall be a minimum. 


MELTING POINTS AND TRANSFORMATION POINTS 


Now for a few applications, in wh ch we shall empha- 
size some points that the textbooks commonly slight. 
Consider, first, melting points and transformation 
points. It is commonly taken for granted that a defi- 
nite chemical compound will melt at a definite tem- 
perature. This would seem to suggest that we have 
to deal with an invariant system. But do we? 

There are two cases to consider. 

1. A Solid, Melting (with or without Decomposition) 
to Produce a Liquid and a Vapor.—lIf the solid is one of 
C components, the presence of three phases, in equilib- 
rium at the melting point, indicates a variance of C—1. 
Ordinarily, this number of units of variance are used 
in specifying that the composition of the liquid phase 
shall be the same as that of the solid phase.* This 
can be true only if no appreciable quantity of any com- 
ponent escapes, selectively, into the vapor phase. In 
other words, the melting point, with the phases just 
considered, is fixed and definite only when the vapor 
phase is of negligible mass or of the same composition 
as the other two phases. 

2. A Solid, Melting or Being Transformed, with 
Decomposition, to Produce a Liquid, another Solid, and 
a Vapor (or, Conceivably, Two Liquids and a Vapor).— 
With C components and four phases we have C-2 units 
of variance. In the special case in which only two com- 
ponents are present, the system is imvariant, namely, 
the transformation temperature is constant, whether 
the vapor phase is present or not. We encounter this 
case whenever the transition temperature of a hydrate 
is used as a means for securing a constant temperature. 
With more than two components the transformation 
temperature is constant only when certain conditions 
are met with regard to the composition of the solid 
phases. 

CHARACTERIZING A PRECIPITATE 


An important application of the phase rule is in de- 
termining whether a precipitate is to be regarded as a 


‘ We need only C—1 components, completely to specify the 
composition of any phase, since each concentration corresponds 


; : ¢ 3 
to a definite mole-fraction, x = sc’ and the mole fractions are 


related by the restriction =x (for any phase) = 1. 
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definite compound, a mixture of two compounds, or a 
solid of continuously variable composition (for ex- 
ample, a hydrous precipitate or a solid solution). Neg- 
lect of the phase rule, in such cases, has resulted in 
numerous materials being reported as definite com- 
pounds, when they were really mixtures or variants. 

Consider two soluble salts, A and B, reacting in an 
aqueous solution to form a precipitate, representable 
by a reasonably simple formula. Is the precipitate 
really a definite compound or is its simple composition 
merely the result of the intermingling of two or more 
separate substances in just the right proportions, be- 
cause precipitation took place from a solution having 
just the right temperature and composition? 

As components we may count A, B, H,O, and OH~ 
or H;0+, namely, four components, since the total 
amount of each of these, in the system as a whole, may 
be varied independently of the total amount of any 
other. This assumes, of course, that hydroxyl-ion or 
hydronium-ion shall be introduced from an outside 
source, and shall not be entirely derived from ‘water. 
Otherwise the system would be regarded as one of 
three components. 

Let us first assume that the precipitate is really a 
single phase (whether of variable or fixed composition). 
We then have three phases, including the solution 
phase and the vapor phase. In a four-component sys- 
tem this indicates three units of variance. Two of 
these are used in selecting a definite temperature and a 
definite degree of acidity or alkalinity, and the third in 
varying the ratio of the concentrations of A to B, within 
the solution. If the composition of the solid phase re- 
mains constant in spite of an appreciable alteration in 
the composition of the solution, the solid phase is to 
be regarded as a definite compound. If the compo- 
sition of the solid phase varies continuously with the 
composition of the solution, the solid phase is to be re- 
garded as of variable composition. 

It is easy to see that at some definite A/B ratio (solu- 
tion phase), not predictable in advance, two solid phases 
may be present. The system would then have a 
variance of two, completely used in specifying the 
temperature and alkalinity (or acidity). Any depar- 
ture from that composition of the solution, at the chosen 
temperature and alkalinity, would cause one of the two 
solids composing the precipitate to disappear, provided 
sufficient time were allowed for the system to reach 
complete equilibrium. 


ONE-COMPONENT DIAGRAMS 


We turn now to graphical representations of systems 
in equilibrium. A one-component system must have 
at least one phase, hence a variance of not to exceed 
two. It is therefore representable by a plot of tem- 
perature against pressure (assuming these to be the 
two independent variables). Such a diagram will show 
a number of areas, separated by curved lines. Within 
any area the temperature and pressure are inde- 
pendently variable, thus indicating a variance of ‘wo, 
and hence a single phase, characteristic of the area. 
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Boundary lines between two areas represent two 
phases in equilibrium and a variance of one, Points 
at which three regions or three boundary lines meet 
represent three phases in equilibrium, at an invariant 
temperature and pressure. 


Solid phases of invariable composition: 


- 

















One or more solid phases of variable composition: 


OD / 4] 


M» 














Figure 1,--Two CoMPONENT SYSTEMS 

Curves and vertical lines represent the composition of 
the solid and liquid phases separating from a mixture of two 
components, A and B, at different temperatures. Such 
diagrams may be viewed as showing the melting points of 
the solid phases, in the presence of the indicated liquid phases; 
the freesing points of the liquids in the presence of the indi- 
cated solids; or the solubility of each component, at the 
indicated temperature, in the other component. It is im- 
portant to keep these three interpretations in mind, in 
searching for data in the literature. 

(1) The two components form no compounds or solid 
solutions, (2) Two liquid phases exist, in equilibrium, 
within a certain range of temperature. (3) The two com- 
ponents form a compound, which is stable up to its melting 
point. (4) The two components form a compound, which 
is decomposed at a definite transition temperature, pure 
B being separated as a solid phase. (5) A compound is 
formed, which exists in two different crystalline forms, the 
less stable form possessing the lower melting point, the higher 
vapor pressure, and the greater solubility in all solvents. 
(6) Two distinct compounds are formed, one of them 
being largely decomposed in the liquid phase, into the com- 
ponents A and B (evidenced by flattened top to curve). 
(7) Component A dissolves in B to form a solid solution, 
stable through a limited range of composition. (8) Com- 
ponent B dissolves in A to form a solid solution; the two 
components also form a compound. (9) Each component 
dissolves in the other to form a solid solution. (10) The 
two components form a continuous series of solid solutions, 
with a minimum melting point. (11) A continuous series of 
solid solutions, of intermediate melting points, (12) A con- 
tinuous series of solid solutions, with a maximum melting 
point. 
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A phase sometimes fails to appear, even under cop, 
ditions under which it would be stable. Rhombic gy. 
fur, for example, may persist even at temperature 
under which its conversion into monoclinic sulfur jg 
quite possible, Whenever this happens the area proper 
to the missing form disappears from the diagram, and 
three adjacent areas become extended until they meet 
within the disappearing area (see diagrams for sulfy 
or phosphorus, in textbooks). This represents a cag 
of metastable equilibrium, which can persist only 9 
long as the missing form is definitely excluded, or g 
long as transformation into this form is negligibly 
slow. 


TWO-COMPONENT DIAGRAMS 


In two-component systems, with three phases pres. 
ent, we have a variance of one, which we ordinarily use 
in specifying the temperature. All other variables are 
then beyond our control; that is, for each tempera 
ture there is a definite concentration of each com. 
ponent in each phase. We may therefore plot tem. 
perature against composition (in percentages or mole 
percentages of either component) and obtain def. 
nite curves, as in Figure 1. Textbooks discuss the 
different cases shown in this figure, but commonly neg- 
lect to show how such diagrams may be subdivided 
into stable and metastable areas, as an important clue 
to the interpretation of the diagrams. 

Small circles, in Figure 1, represent melting points 
of solid phases of invariable composition (elements or 
compounds). The composition of any such phase is 
represented by a vertical straight line, extending down- 
ward from the melting point to indefinitely low tem- 
peratures. The uppermost curve or set of curves on 
each diagram represents the composition of a liquid 
phase. Other curves represent the composition of 
solid phases of variable composition (solid solutions), 
To subdivide any diagram into stable and metastable 
regions, make sure that all the solid and liquid phases 
have been represented in the diagram, then draw a 
horizontal line through each eutectic point, E, each 
eutectoid point, 2’, and each transformation point, 
T’, until the next adjoining lines on left and right, rep- 
resenting solid phases, are intercepted. 

Distinguish between case 2, in which two liquid 
phases are in equilibrium with each other, and case 3, 
in which either of two liquid phases is in equilibrium 
with a definite compound, represented by a vertical 
line. The former case may be recognized at a glance by 
the fact that the point of inflection and the eutectic 
point, , are at the same level (namely, at the same 
temperature). A vapor phase is assumed to be present, 
in all the cases shown by the figure, though its composi- 
tion is not shown. 

The areas above the curves that represent liquid 
solution are stable areas, S. Other stable areas appeat 
at the right or left of curves representing solid solutions. 
The remaining areas are mei/astable areas, M. When 
we have marked out the limits of the ditferent stable 
and metastable areas we are ready to interpret the 
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diagram. We may prepare a stable solid or liquid phase 
having a composition represented by any point within 
a stable area; by contrast, in a metastable area, such 
as the area M, of Figure 2, a single phase, of a specified 
temperature and composition, W, will separate or tend 
to separate into two phases of compositions given by 

ints X, Y, at opposite ends of a horizontal tieline 
passing through the point W. 

The relative amounts of the phases X and Y are as 
the more distant segments of the tie-line; that is, WY 
represents the relative amount of the phase of composi- 
tion X, and WX the relative amount of the phase of 
composition Y. ‘These relative amounts are in weights 
or moles, according as the diagram happens to be con- 
structed in per cent. of weights or in per cent. of moles. 

As an exercise, the reader is invited to describe what 
will happen when mixtures containing twenty, forty, 
sixty, and eighty per cent. A, in each of the cases 
shown in Figure 1, is slowly cooled from high tem- 
peratures or heated from low temperatures. The 
change in temperature will represent movement along 
a vertical line passing through each stable region, but 
interrupted in each metastable region, since the given 
phase is there resolved into two phases, whose compo- 
sitions, and hence whose relative amounts, may or may 
not alter with changing temperature. 

The reader should also describe what happens when 
B is gradually added to A, without limit, at each of 
several different temperatures. Finally, indicate what 
phases and what relative amounts of each will separate 
from the five mixtures having compositions and tem- 
peratures represented by crosses, in Figure 2. 

In all the two-component systems here considered, 
the vapor phase is assumed to be present, though it is 
not shown on the diagrams. Thus with two condensed 
phases (liquids or solids) we have a total of three phases, 
hence one unit of variance, used in specifying the tem- 
perature, within the range in which the indicated phases 
are in equilibrium with one another. 


THREE-COMPONENT SYSTEMS 


Three-component systems are represented by tri- 
angular diagrams, the interpretation of which is given 
in the textbooks. The tie-lines in a triangular diagram 
are no longer horizontal, since temperature (assumed 
uniform for all the phases) no longer appears as an or- 
dinate. In the textbooks or the International Critical 
Tables (index at the end of this article) the reader should 
look for examples of the following cases: 

1. A mixture of three liquids shows one or more 
metastable regions. 

2. A mixture of three liquids shows three metastable 
regions, overlapping to form a doubly metastable re- 
gion (LMN, Figure 3). Any mixture having a 
composition represented by a point within this region 
will separate into three liquid phases, having com- 
positions represented by points L, M, and N. The 
reader should show that this is a univariant system, the 
one unit of variance being used in specifying the tem- 
perature for which the diagram is to be constructed. 
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3. A solution, on being cooled, separates a solid 


phase, then two solid phases (at a lower temperature), 
and perhaps ultimately three solid phases. 
is shown in Figure 4. 
temperatures at which liquids of different compositions 
begin to deposit solid. 
tems of this sort look for analogs of features shown on a 


This case 
The contour lines represent the 


In diagrams representing sys- 

















FiGuRE 3 


FIGURE 2 


geographical contour map: hilltops, valleys between 
hills, direction of slope down a valley, an occasional 
pass or saddle between two hills, two valleys merging, 
three valleys meeting in a pit. These all have impor- 
tant physical interpretations. If the solution whose 
composition is represented by M, Figure 4, is cooled 
it will begin to solidify at 800°C. The solid separating 
will have the composition A at the hilltop dominating 
that particular region of the chart. As more and more 
of this solid separates the composition of the remaining 





















FIGURE 4 FIGURE 5 


solution will move in a straight line, directed away from 
A, namely, along the line MN. 

At 550°, namely, at NV, the composition of the liquid 
phase has reached a valley (dotted line). A second 
solid phase, B, may now begin to separate. If it does, 


then A and B continue to separate together, as the 
temperature is further lowered, the composition of the 
liquid phase following a curved course, down the valley, 
until at about 250°, namely, the point O, a third solid 
This point is a 
It is 


phase, C, may begin to separate. 
ternary eutectic (meeting place of three valleys). 
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also an invariant point (three components and five 
phases, including a liquid and vapor, hence zero vari- 
ance). The temperature, therefore, remains constant, 
while the separation of the three solid phases continues, 
until at last the liquid phase disappears completely. 

The reader will encounter interesting cases in which a 
given solid phase fails to make its appearance at the 
temperature at which its existence becomes possible. 
The result is to erase this hilltop and surrounding con- 
tour lines from the diagram, adjacent hillsides and val- 
leys being extended into that area. Thus we obtain 
what one might be tempted to term a metastable land- 
scape, underlying the stable landscape shown by the 
other contour lines. Details for metastable systems 
are usually indicated by dotted contour lines. 

Relative amounts of the different phases separating 
from a three-component mixture of composition 
are found as in Figure 5. Use a centimeter scale for 
measuring distances and work out ratios with a slide- 


nde: eis the percentage of phase \; oe SS 
| XR : . oe 


100 MT. , 
is the percentage of Y; ——~——- is the percentage of Z 


ZT 
(in weights or in moles, according to the construction of 
the diagram). This statement shows that three 
phases (solid or liquid ) that separate from any mixture 
as the latter is indefinitely cooled, are always repre- 
sented by points outlining a triangle, which must include 
the point representing the composition of the mixture 
as a whole. 
FOUR-COMPONENT SYSTEMS 

Systems of four or more components are of con- 
siderable practical importance, in the recrystallization 
of alkali lake brines for the recovery of potassium salts, 
and in certain alloys. Methods for dealing with them 
are best learned by the study of special articles (8). 


INDEX OF THE INTERNATIONAL 
CRITICAL TABLES 


PHASE RULE 


Systems of One Component 


Look in the index volume for vapor pressure data 


JOURNAL OF CHEMICAL Epucatioy 


or P-T diagrams, for the allotropes of any element or 
the different crystalline forms of any compound. 


Systems of Two Components 
(X and Y represent unspecified components) 


Volume Page 
II 400-405, 609 

413-417 

419-441 
449-454, 609 


361-374 
351-860, 381 
22-30 Non-metal -+- metal 
30 Element + inorganic compound 
31-36 Element + organic compound 
40, 41 Metal + inorganic compound 
41-80 Two inorganic compounds 
85-91 Refractories 
97-167; 172-181 Two organic compounds 
185-2138 Organic compound + inorganic com- 
pound 
Strong electrolytes in water 
Weak and non-electrolytes in water 


Alloys, Al + X 

Alloys, Pb or Sn + X 
Alloys, other non-ferrous 
Alloys, ferrous 


H,O + X 
Unclassified 


216-249 
250-253 


Systems of Three Components 


Porcelain 

Glass 

Aluminum alloys 

Alloys of Pb or Sn + X + Y 

Non-ferrous alloys 

Ferrous alloys (see also Z. anorg, 
Chem., 231, 34-53 (1937)) 


384 Unclassified 

398-417 Liquids, separating two liquid phases 
39 S + Te + Bi 
70-75; 80-83 
92-96 
167-172 


67, 68 

92-103 
405-410 
417-418 
442-448 
454-455 


Fused salts 

Refractories 

Organic compounds 

266-268 H,O + non-metal + X 

268-270 Non-metal + X + Y 

270-381; 382-393 H.,O + two strong electrolytes 
395-423 H,O + weak or non-electrolyte + X 


Systems of Four or More Components 
411-412 Mg + Al + Cu + Si 


270-380; 393-394 H.,O + inorganic salts 
424-429 Unclassified 


451-455 H.O + soap + X 
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SCIENCE FOR FUN 


H. HENRY PLATT 


Director, Science Department, Elizabeth Peabody House, Boston, Massachusetts 


HE dream of many a boy—a complete laboratory 

of his very own where he can experiment to his 

heart's content, to discover how this complex world 

js put together—has become a reality for the children 

who are members of the Science Clubs sponsored by 

the Elizabeth Peabody Settlement House in the West 
End of Boston. 

This settlement, located in a section where housing 

is a serious problem, finds that its science department 

can provide answers for the many questions of the un- 





MICHAEL FUMEROLA, AGE 15, GivING A DEMONSTRA- 
TION ON THE SUBJECT OF RUBBER AT THE FIFTH ANNUAL 
SCIENCE FAIR OF THE ELIZABETH PEABODY HOUSE 


der-privileged children and gives them opportunity to 
do many things. These children have no playground 


but the gutter. The street is their natural meeting 
place. Settlement workers in such neighborhoods are 
in a strategic position to see how shut out such children 
are from many of the opportunities so important to a 
growing child. 


We have discovered that boys and girls from eight 
to eighteen are eager for opportunities to handle, ex- 
periment, and discover things for themselves. In small 
groups of eight to ten, under the leadership of volunteer 














FRANK JAWORKS!I, AGE 16, DEMONSTRATES His WorK- 
ING MODEL OF AN OIL FIELD SHOWING THE SOURCES, Ex- 
TRACTION, AND REFINING OF CRUDE PETROLEUM AT THE 
FirtH ANNUAL SCIENCE FAIR OF THE ELIZABETH PEABODY 
HOUSE 


workers from local colleges and from industry, we give 
them a chance to do this. 

Our Science Clubs give the children opportunity for 
experimentation in our laboratory, instruction, popular 
science talks and demonstrations, trips to industrial 
plants and to museums, help in the publication of 
science club papers and radio broadcasts, and an Annual 
Science Fair. Most of the children have little or no 
instruction in science in the public school, so we are 
working in an almost uncultivated field. 

We have no elaborate equipment at Elizabeth Pea- 
body House. Most of it was donated by interested in- 
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dividuals or institutions, but lack of much that is needed 
is a constant challenge to the boys. They are very in- 
genius in making what they need—alcohol lamps from 
glue bottles, test-tube racks from cigar boxes, and so on. 
But they have a room and tables and gas and running 
water, and a dark room for photography. With these, 
they often produce results to be envied by better- 
equipped workers. 

The Annual Science Fair, when the exhibits prepared 
by the boys and girls of the Science Clubs are shown, 





Courtesy of the Boston Daily Record 


Maurice Mezorr, AGE 16, DEMONSTRATES His MopEL 
OF THE MECHANICS OF A HEART AT THE FIFTH ANNUAL 
SCIENCE FAIR OF THE ELIZABETH PEABODY HOUSE 


receives much favorable publicity from the press and 
radio. The one hundred fifty boys and girls demon- 
strate their own exhibitions and enjoy the opportunity 
to show other children, their parents, and the public, 
what they have learned and made. The projects usually 
give important information concerning commercial 
products and frequently industrial concerns gladly co- 
operate with materials and technical assistance. 

Among the most interesting exhibits at the recent 
Fair was a working model of a human heart, constructed 
by a sixteen-year-old boy from scrap glass and rubber 
tubing, and so forth, at the cost of a little over a dollar. 
As the ‘‘blood’’ pumped through the veins and arteries 
of the model, it changed from red to blue and back 
again, as it would in a human body. 
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The prize winning exhibit was a model petroleym 
field, complete with derricks, gushers, storage tanks, 
and pipe lines, with a small refinery, complete even tog 
small chimney from which smoke issued. The creator, 








Courtesy of The Christian Science Monitor 


SUMNER LEIBERMAN, AGE 15, DEMONSTRATES HIs 
HOMEMADE ELECTRIC FURNACE, MADE FROM OLD BRICKS, 
But PRovIDING VERY HIGH TEMPERATURES. THE Fur- 
NACE WAS DEMONSTRATED AT A RECENT SCIENCE FAIR OF 
THE ELIZABETH PEABODY HOUSE 


Frank Jaworski, sixteen years old, explained the 
sources, extraction, refining, and uses of petroleum. 

Another well-worked-out exhibit was a model 
kitchen hot water system, demonstrating the principles 
involved. Peter Pano, seventeen, showed an enthusi- 
astic audience how water is drawn from the reservoir, 
controlled by a power house, piped into a building, 
heated in a boiler, and eventually reaches a hot water 
faucet. 

Other exhibits included the manufacture of paper, the 
making of rayon by the cuprammonium process, coal- 
tar products, the distillation of wood, rubber, chemi- 
luminescence, colloids, and a demonstration of the 
Brownian movement. 

Materials from more than sixty-three industrial, 
scientific, and governmental bureaus were utilized in 
these exhibits. 

Such a Fair demonstrates why the work of the Eliza- 
beth Peabody House in science has grown so rapidly. 
It shows how much can be done with very little equip- 
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ment. That “science is fun” is demonstrated further Company awarded the Elizabeth Peabody House 
by the growing number of children waiting fora chance Science Department its Thomas Edison Medal for out- 
to join one of the clubs when there is more room. standing work in promoting science activities for 
It is noteworthy that in 1937 the General Electric children. 
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A study of the method of preparation and adsorptive sorbing powers of charcoal cooled to low temperatures 
properties of the charcoal reported by Dewar in 1908 and the application of this phenomenon to the produc- 
shows that it was comparable to the best modern com- tion of high vacua he published in 1908! an article con- 
mercial activated charcoals and was far superior to char- taining the following sentences. 

coals used for defense against military toxic gases in 1915— ‘All charcoals possess the property of gas absorption 
1918. The cause of this high adsorptivity is explained as at low temperatures. Light charcoal, such as is used 
being due to a carbon dioxide-steam activation produced in the manufacture of gun-powder, or the variety got 
alimited access of gaseous combustion products and atmos- from animal substances like blood, both act, but ex- 
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In connection with his investigations of the gas-ad- 














* Present address: Baytown, Texas. 1 Dewar, J., Chem. News, 96, 6 (Jan. 3, 1908). 
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150 ce. of air per g. of charcoal at —185°C., but with 
care the amount can be raised to as much as 350 to 
400 cc. per g. 

‘The amount absorbed at atmospheric pressure and 
at the temperature of liquid air can be quickly deter- 
mined. A gram of charcoal, previously heated to a red 
heat is placed in a glass bulb connected by an India 
rubber tube and stopcock to a graduated 
vessel containing air kept over strong sul- 
phuric acid or a high-boiling oil, so that 
on cooling the charcoal and opening the 
stopcock the absorption is measured.” 

The adequacy of Dewar’s admittedly ab- 
breviated description of his method of 
producing coconut charcoal has been the 
subject of some difference of opinion.? For 
this reason additional details have been 
added here concerning the method of pro- 
ducing coconut charcoal at Cambridge at 
a time approximately contemporaneous 
with the article containing the sentences 
just quoted. These are available from 
the personal recollections of one of the 
present authors (C. T. Knipp). 

This coconut charcoal was prepared by 
the writer of these paragraphs to assist him 
in producing the highest vacuum possible 
necessary in a research on ‘‘Rays of posi- 
tive electricity from a Wehnelt (hot lime) 
cathode.’’* A brief account of its prepara- 
tion and how used in the above research 
may be of interest. Coconut shell broken 
into convenient sized bits was placed in an 
open porous crucible of about one pint 
capacity. A cover was improvised out of 
heavy sheet asbestos previously burned to 
remove the volatile material. It usually 
fit quite snugly. For the ignition and dis- 
tillation of the shell an oven was crudely 
built up of fire brick into the open front of 
which was directed a blast operated by a 
foot bellows. After combustion was com- 
pleted (judged by the absence of visible va- 
pors and smoke) the glowing coals were 

quenched by dumping them on a sheet of 
thick asbestos (previously burned) and 
quickly covered by burned sheets of thin 
asbestos snugly pressed down. The charcoal 
thus produced was reduced to granules 
about the size of a grain of wheat by placing it between 
sheets of tough paper and applying a hammer. 
Considerable powder resulted. No attempt was made 
to screen this out. For immediate use the char- 
coal was kept in glass bottles with ground (not lubri- 
cated) stoppers; however, for future use it was placed 
in vacuum bulbs and thoroughly out-gased by sub- 


2 National Carbon Company vs. The Western Shade Cloth 
Company, Equity Case No. 13,520, Northern District of Illinois. 
3 Knipp, C. T., Phil. Mag., 22, 926-33 (1911). 
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merging same in boiling water before sealing off from 
the pumping system. 

No attempt was made at the Cavendish Laboratory 
to study quantitatively the conditions in the prepara. 
tion of the charcoal that would result in the best prod- 
uct. My interest at the time in coconut charcoal and 
liquid air was a means to an end—was in the production 





Elliot & Fry, London 


Sir JAMES DEWAR 


and maintenance of a high vacuum, and this was suc- 
cessfully accomplished. 

Two of the writers (H. B. Hass and A. R. Padgett) 
had occasion in 1934 to correlate the air absorption 
test of Dewar with the “service life’ and ‘‘retentivity” 
tests which were developed for the evaluation of char- 
coal for use in gas masks. The service life test consisted 
essentially in passing a definite mixture of dry air and 
chloropicrin vapor at a certain rate through a specified 
column of dry charcoal granules of an arbitrary range 
of sizes until a detectable amount of chloropicrin es- 
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capes the adsorbent. Except for the detail of drying 
the air, this test is described by Fieldner.* The re- 
tentivity test consisted in first saturating the charcoal 
with chloropicrin vapor and then exposing it to a tem- 
perature of 100°C. at an absolute pressure of 2 mm. 
of mercury. It was weighed at half hour intervals and 
the curve plotted showing the per cent. of chloropicrin 
retained (based on the original weight of dry charcoal 
as one hundred per cent.) as ordinate and time as 
abscissa. When the losses became practically constant 
the straight portion of the curve was extrapolated to 
zero time and the retentivity read off the vertical axis. 


METHOD OF PREPARING CHARCOAL SAMPLES 


Unglazed crucibles of the fire-assay type were filled 
with coconut shells, covered with lids of unglazed clay, 
and gradually, over a period of several hours, brought 
toa bright red temperature. If the charcoal was cooled 
and tested shortly after noticeable fumes ceased to be 
evolved, it absorbed about 150 cc. of air per gram at 
—185°C., indicating that this was substantially Dewar’s 
procedure when he obtained charcoal of that activity 
ayear prior to the publication cited. If the charcoal is 
maintained in this temperature range its activity gradu- 
ally increases. This is equally true whether the heating 
is done continuously or intermittently. By prolonging 
this treatment, charcoal of activity equal to or greater 
than that of Dewar’s later samples can easily be ob- 
tained. 

The correlation between service life and Dewar’s air 
absorption test is shown in Figure 1. 

The relation between retentivity and Dewar’s air 
absorption test is evident from Figure 2. 

Figure 3 is a typical retentivity curve. 

It appears from these data that Dewar’s samples must 
have had a service life of approximately seven hundred 
minutes and a retentivity of about thirty-eight per cent. 
It has been stated that a service life of about one thou- 
sand minutes and a retentivity of about forty per cent. 
is the maximum exhibited by adsorptive carbon.* 
When it is remembered that ordinary crude coconut 
charcoal shows only 0-5 minutes and zero retentivity 
when these same tests are applied, it is evident that 
Dewar had a highly activated product. 

The question naturally arises as to how such carbon 
results from the simple procedure of heating coconut 
shells in an unglazed crucible. This can best be under- 
stood in the light of one of the well-known commercial 
processes for making activated coconut charcoal. The 
shells are first subjected to destructive distillation and 
the crude charcoal thus obtained is partially oxidized 
by steam and/or carbon dioxide at temperatures in the 
range 800-1000°C. The partial oxidation imparts 
activity, perhaps to some extent by removing tarry 
impurities, but chiefly by an etching action which in- 
creases the extent and ‘‘the unbalanced molecular at- 
traction’ of the internal surface. 





‘ FIELDNER, A. C., G. G. OBERFELL, M. C. TEAGUE, AND J. 
N. Lawrence, J. Ind. Eng. Chem., 11, 519-24 (1919). 
5 Coaney, N. K., U. S. Pat. 1,497,543. 
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Now let us return to the coconut shells in the unglazed 
crucibles. As the temperature is raised destructive dis- 
tillation occurs, and the vapors and gases evolved expel 
the air from the crucible. Dewar’s ‘gradual carboniza- 
tion” yields a charcoal of a desirably high density com- 
pared to the product of a rapid carbonization. As the 
temperature approaches bright redness the destructive 
distillation becomes more and more complete and finally 
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air diffuses inwardly and reacts with the pyroligneous 
vapors, yielding superheated steam and carbon dioxide. 
The gases produced by the burner which is used for heat- 
ing the crucible contain steam and carbon dioxide as 
combustion products. 

Steam reacts with the charcoal yielding carbon mon- 
oxide and carbon dioxide; the latter reacts with the 
charcoal producing carbon monoxide. These combusti- 
ble gases react with any inwardly diffusing oxygen and 
prevent it from reaching the charcoal. If the crucible 
cover is slowly removed at this point the formation of 
a blue flame gives evidence of the presence of carbon 
monoxide in the atmosphere which surrounds the char- 
coal when the cover is in place. The charcoal is thus 
being activated by partial oxidation with steam and 
carbon dioxide. The length of time required for the 
development of optimum adsorptive capacity depends 
upon many variables such as the porosity of the crucible 
and cover, the closeness of fit of the cover, the size of 
the crucible, and how much charcoal is in it, but with 
care and patience Dewar’s values can always be ob- 
tained. When this has occurred the charcoal is invari- 
ably found to be highly active toward chloropicrin. 
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PLACEMENT «en BEGINNING 
CHEMISTRY COURSES at 
BROWN UNIVERSITY 


ANDREW H. MACPHAIL* anp LAURENCE S. FOSTER 


Brown University, Providence, Rhode Island 


INCE 1930 some use has been made of the objec- 
S tive-type tests for placement purposes in the 
beginning courses in chemistry at Brown Univer- 
sity. Three courses are offered to the average entering 
student who is not generally qualified for advanced 
standing: Chemistry 1, Elementary Chemistry, a year 
course primarily for those who do not present chemistry 
for admission; Chemistry 3A, General College Chemistry, 
a year course for those who present chemistry for admis- 
sion; and Chemistry 5, Inorganic Chemistry, a semester 
course open only to those registered for the degree Sc.B. 
in Chemistry. The placement program discussed in 
this paper is applied specifically only to the group who 
would normally register in Chemistry 3. The procedure 
has been found very useful, however, in determining 
for prospective Sc.B. candidates the advisability of 
their pursuing the special chemistry curriculum. 

Up to 1930, students who presented chemistry for ad- 
mission (except Sc.B. candidates) and who wished to 
continue work in the subject were registered automati- 
cally in General College Chemistry. Students who did 
not present chemistry for admission, even though they 
might have had good preparation in it, were auto- 
matically registered in Elementary Chemistry. The 
whole procedure prior to 1930 was rather rigid, and too 
large a percentage of the students had serious difficulty 
in the General College Chemistry course. Since it 
did not seem advisable to lessen the rigorous nature of 
the course itself, as most of the students were able to 
profit from it, the practice was instituted of transferring 
the less well-qualified students from the General College 
Chemistry Course to the Elementary Chemistry Course. 
Some means of identifying the poorly prepared student 





* Of the Department of Education in Brown University. 





was sought, and, beginning in the fall of 1930, the Iowa 
Chemistry Training Test was given early each year to 
all those who had studied chemistry previously, 
whether they presented chemistry for admission or not. 
On the basis of their poor showing on this single test, 
some students were advised to transfer to the Elemen- 
tary Chemistry Course. 

The procedure was haphazard, and to improve the 
technic, the predictive value of scores on this test was 
made a subject of study for several years. Other in- 
dices that might have a bearing upon placement in 
chemistry were included. As a consequence of these 
studies, more formal placement procedures, based upon 
adequate data, have been devised. 

In the fall of 1935, the General College Chemistry 
course was modified rather considerably so as to mini- 
mize the amount of material presented which dupli- 
cated that usually included in the secondary school 
course. Cartledge’s ‘‘Introduction to Inorganic Chem- 
istry,” and the accompanying laboratory manual,{ 
were adopted as textbooks. An extensive bibliography 
for outside reading was prepared, and a problem syllabus 
was written to augment the text in places where the in- 
structor felt that the students could profitably follow 
a more arithmetical approach. It was soon apparent 
that while the newly organized course was more stimu- 
lating and profitable for the well-qualified and superior 
students, those of low aptitude obtained less from it 
than from the former more conventional descriptive 
course. The need for a reasonably good method of 
measuring the aptitude of the entering students who 
have studied chemistry previously, to be applied before 
actual registration, became even more pressing. 





{ Both published by Ginn and Co., Boston, Mass., 1935. 
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The search for a satisfactory selective procedure in- 
volved a study of the predictive values of several fac- 
tors.* Data based on the three entering classes in 1933, 
1934, and 1935 were used and included all cases (V = 
179) for whom all of the following measures were avail- 
able. 

1. First semester grade in General College Chem- 

istry. 

9, Iowa Chemistry Training Test, Series CT-1, 

Revised B.f 

3. Part Il, Mathematics Section, Sones-Harry High- 

School Achievement Test. f 
Brown University Psychological Examination. § 
Rank in secondary school class (on a sigma scale). 


oe 


+ Published by The Bureau of Educational Research and 
Service, Extension Division, The State University of Iowa, Iowa 
City, Iowa. 





{ Published by The World Book Company, Yonkers-on-Hud- 
son, New York. (Also Boston, Mass.) 

§ Published by Educational Test Bureau, Inc., 3416 Walnut 
Street, Philadelphia, Pa. 


The following zero order correlations** were com- 
puted. 


te = .56 '%4 = on 
n3 = 49 foo = 10 
4 = .30 134 = .59 
N15 = ion 35 = m7! 
fo, = .36 5 = Jl 


Several multiple correlations*} were then computed in- 
volving different combinations of the foregoing vari- 
ables. They are arranged in descending order of magni- 
tude of R. 


1. Riy2%4 = 0.638 
2. R123 = 0.638 
Se Ris = 0.589 
4, Ri. 348 = 0.527 
5. Riss = 0.505 
6. Riss = 0.495 


The zero order coefficients show that the scores on 
the Iowa Chemistry Training Test and the Mathe- 
matics Test correlate distinctly better with the General 
College Chemistry first semester grades than the 
psychological test scores do or the relative rank in the 
secondary school class. Of the six combinations of pre- 
dictive criteria that were evaluated, only three produced 
multiple correlation coefficients higher than 0.56, the 
coefficient between the Iowa test scores and the Gen- 


_. 


2 An explanation of the typical steps involved in such a study 
as this will be found in Chapters 4 and 5 of H. E. Garrett’s “‘Sta- 
tistics in Psychology and Education,’’ Longmans, Green & Co., 
New York City, 1926. We are not aware of any published de- 
Scription of how to derive the particular form of chart, based 
upon the regression equation, used in the predictions. Its essen- 
tial nature is that of a nomograph. 

*The zero order correlation, ry, represents a correlation 
between two items only; in this case, items 1 and 2 of the five 
Measures used. 

*t The multiple correlation, Rj.24, represents a correlation 
between item 1 and items 2, 3, and 4 taken simultaneously. 
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eral College Chemistry grade. Of these three combina- 
tions, the one selected as best for practical use was 
that obtained by the best weighting and summing of 
the Iowa test scores and the Sones-Harry mathematics 
test scores. The correlation of this combination with 
the Chemistry Course grades was Rj.2; = 0.638 and the 
regression equation used was 


X, = 0.156 X2 + 0.253 X; + 50.5 
By means of the above regression equation, pre- 
dictions of the probable grades in the first semester of 


General College Chemistry were made for the freshmen 
entering in the fall of 1936 and 1937. (The procedure 


Predicted General College Chemistry 
Grades (First Semester) 
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FIGURE 1.—GRAPHICAL SOLUTION OF REGRESSION 
EQUATION USED IN PREDICTING PROBABLE GRADES, ON 
THE BASIS OF THE IOWA CHEMISTRY TRAINING TEST 
SCORES AND THE SONES-HARRY MATHEMATICS TEST 
ScorES 


was used as well in the fall of 1938, but the course grades 
were not available when this paper was written.) In 
general, those for whom a grade of C+ or better was 
predicted were advised to register, as had been the usual 
case, in General College Chemistry. Those whose pre- 
dicted grades were C— or lower, were advised to take 
Elementary Chemistry, even though the majority had 
presented a unit of chemistry for admission. A few 
students who had studied chemistry previously but had 
not presented it for entrance credit showed themselves 
to be well qualified to register in the more advanced 
course. At the time of registration the cases of students 
for whom C— was predicted were frequently given addi- 
tional consideration in the light of any added informa- 
tion which seemed to have bearing on the probable 
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quality of their work, and shifts from one course to 
the other were permitted whenever it seemed advisable. 

In the actual work of making a prediction for a 
given student, his two test scores could be substituted 
in the regression equation given above. This would be 
a slow process and might delay actual placement beyond 
a practical date from an administrative and educational 
point of view. To facilitate the making of predictions 
a chart (Figure 1) was constructed which, in graphic 
form, constitutes the solution of the equation for all 
substitutions that would be practical. 

The diagonals in the chart were determined by hold- 
ing two variables constant and solving for the third. 
For example, with the course grade held at 70 per cent. 
(the lower limit of C—) and the Iowa score at 20, the 
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FIGURE 2.—GRAPHICAL SOLUTION OF REGRESSION Egua- 
TION USED IN PREDICTING PROBABLE GRADES, ON THE 
BASIS OF THE IOWA CHEMISTRY TRAINING TEST SCORES 
AND THE BROWN UNIVERSITY PSYCHOLOGICAL EXAMINA- 
TION SCORES 


mathematics score would have to be 64.8; with the 
grade at 70 per cent. once more, but with the Iowa score 
at 40, the mathematics score would have to be only 52.5. 
The two mathematics score values of 64.8 and 52.5 were 
plotted, and a line drawn through them, determining 
the lower limit of the letter grade C— on the chart. 
By such a process the upper and lower limits of all the 
letter-grade “‘zones’’ were located. If a chart of this 
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kind is drawn on cross-section paper, numerical grade 
predictions can be made, but if the interest is confined 
to letter-grade predictions, location within a certain are, 
is adequate. For example, a letter grade of A — is pre. 
dicted by means of the chart for a student who scores 
140 on the Iowa test and 75 on the mathematics test, 

A second chart based on the multiple correlation be. 
tween the psychological test. scores, the Iowa test 
scores and the General College Chemistry first semester 
grades was constructed (Figure 2). The two charts were 
used in the placement program in 1936, 1937 and 1938 
The particular chart used in any given case was de. 
termined by the nature of available scores. However, 
preference was given to Chart I whenever a choice was 
possible. 

The procedure is easy to administer, since the collec. 
tion of data and the recording of the grade-predictions 
may be carried out by clerks in the college admissions 
office. If the aptitude and training tests are given 
prior to the formal opening of college, the predictions 
are available to the registration officer and may be 
used most profitably in determining at the time of 
registration which of the courses the student should 
enter. The confusion attending changes in registration 
after the beginning of classes is eliminated. 

The chief advantage of the prediction charts is that 
they take into account factors other than the retention 
of a considerable amount of secondary-school chem- 
istry. Occasionally a bright student who has had only a 
very meager school course in chemistry, and does not 
show up well on the Iowa Chemistry Training Test, has 
very high scientific aptitude. He may do very well on 
the other measuring devices and be selected for the 
more advanced group. The procedure, in addition, is 
of such general applicability that it can be adapted to 
whatever changes in course administration are deemed 
desirable. 

Two checks have been made in an attempt to measure 
the effectiveness of placements made primarily by the 
use of the prediction charts. The first was a correlation 
of predicted grades and obtained grades in the General 
College Course. It proved to be high, showing that the 
scheme works out with the degree of success that was 
expected from the regression equation used, although 
the obtained grade is for the whole year and the pre- 
diction was for only the first half year (since the original 
data were limited to the first semester grades). The 
second check was obtained by studying the scores on 
the Codperative Chemistry Tests,* which were given 
near the end of the school-year in both 1936-37 and 
1937-88 to all the students registered in General Col- 
lege Chemistry and Elementary Chemistry. The rec- 
ords selected for comparison were those made by the 
entire group of students in the General College Chem- 
istry Course and those made by the group of students 
who, although they had studied chemistry previously, 
prior to entering college, were advised to register in 


? Coéperative Test Service, New York City. In May, 1937, 
Form C (1937) was used and in May, 1938, Form C (1938). 
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Blementary Chemistry because of low aptitude or poor 
preparation. The Coéperative Tests, it should be borne 
in mind, are designed for the more conventional and 
average course, like the Elementary Chemistry, rather 
than the novel General Course. Nevertheless, the 

ormance of the students in the latter course was 
markedly superior in each year. The critical ratio, ob- 
tained by dividing the difference between the two mean 
test scores for the Elementary and General College 
groups by the P. E. (probable error) of the difference, 
was about 8.0 for each year. Ordinarily a critical ratio 
of 4.0 is accepted as evidence of a difference of signifi- 
cant magnitude. The data are given in Table 1. 


TABLE 1 


CoMPARISON OF COOPERATIVE CHEMISTRY TEST SCORES MADE AT THE 
Exp OF THE YEAR BY STUDENTS IN ELEMENTARY AND GENERAL COLLEGE 
CHEMISTRY COURSES, AS CLASSIFIED ON THE BASIS OF PREDICTIONS. 


Num- Test Scores® Differ- 
ber ence P.E. Criti- 
Date of Chemistry of of Differ- cal 
test course cases High Low Mean mean ence ratio 


May, 1937 Advanced 63 156 63 115.6 _ —_— 
Elementary 25 142 65 88.2 27.4 3.6 


7.6 
May, 1938 Advanced 67 167 39 1.9——_— — — 
Elementary 41 95 24 69.6 22.3 2.7 8.3 


*The scores for 1937 should not be compared with those of 
1938, since different tests were used. 
> The national means for the two tests were: 
1937—mean for 162 colleges (9504 cases) 
1938—mean for 149 colleges (9542 cases) 


DISCUSSION 


The plan of using the prediction charts as the chief 
guide in advising entering students as to which chem- 
istry course they should take is qualitatively very effec- 
tive. The number of failures in the General College 
Chemistry course has dropped to a very low value 
and about ninety per cent. of the students receive 
grades of A, B, or C, where C represents officially a 
numerical grade of 70-79 per cent. These grades are 
not out of line with the grades the same students re- 
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ceive in other courses in college, and when compared 
objectively with the grades received by the entire group 
of students in the Elementary Chemistry Course, on a 
test like the Codperative Chemistry Test just discussed, 
it is apparent that the standards are actually somewhat 
higher in the General Course. Furthermore, those who 
are advised to transfer to the Elementary Course, on 
the basis of the prediction charts, do not in general rise 
above the median of that class. But they do not so 
often fail, as many most assuredly would have if they 
had remained in the General College Chemistry Course. 
It seems reasonable to believe that relief from too diffi- 
cult a task with its attendant worry has a salutary effect 
upon their work in other courses as well. Another great 
advantage which has been gained, obviously, is that the 
superior student makes better progress in the more ad- 
vanced course, due to the absence of slow, inferior, or in- 
adequately prepared classmates. 

The placement program is flexible, as it permits the 
student to use his judgment, after consultation with the 
registration officer, as to the best course for his par- 
ticular needs. The practice of using the information 
and the prediction charts as a basis for advising stu- 
dents, rather than as a rigid criterion for registration, 
puts the responsibility on the student. Surprisingly few 
question the validity of the predictions. 

Thus far, this particular technic has effected decidedly 
better placement than existed before it was tried, and 
naturally the next step will be that of re-evaluating the 
predictive data to maintain what has been gained and 
to seek improvement. 

While the placement procedure was developed in- 
dependently, the authors have, of course, been influ- 
enced by the discussions of similar procedures which 
have appeared in THIs JOURNAL and other sources. A 
bibliography is appended for the benefit of those who 
may wish to investigate the merits of other solutions 
of the placement problem, but no claim is made for its 
completeness. 
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A PHYSICAL CHEMISTRY 
EXPERIMENT on LOW 
PRESSURE TECHNIC 


H. H. ROWLEY 


State University of Iowa, Iowa City, Iowa 


An experiment for general physical chemistry laboratory 
is outlined that acquaints the student with various ma- 
nometers and vacuum pumps commonly met with in low 
pressure work. The technic of calibrating and using a 
McLeod gauge is described and the comparative speeds of 
evacuation through tubes of different diameters of a water 
aspirator, a Cenco Hy-Vac oil pump and a mercury 
diffusion pump are measured. The limitations and pre- 
cautions necessary in this type of work are pointed out. 


++ ooo + 


N RECENT years the use of low pressure apparatus 
in various branches of chemical research has increased 
greatly. Not only is it widely used in many fields of 
physical chemistry, but many workers in other branches 
of chemistry are using low pressure (or high vacuum) 
technic to distil normally high boiling, easily decom- 
posed compounds, such as sugars. It was found that 
the average student in graduate research was ignorant 
of the fundamental principles governing low pressure 
work. Not only was he unfamiliar with apparatus 
needed and its limitations, but also with the precau- 
tions necessary to obtain the highest efficiency. 
Because of this fact it was decided to introduce an 
experiment into the general physical chemistry labora- 
tory which would explain some of the apparatus most 
commonly used and call attention to the fact that 
certain precautions had to be observed if low pressures 
were to be obtained and accurately measured. The 
experiment was more or less qualitative in nature and 
designed to be completed in from four to six hours. 
The experiment, as given, consisted of the calibration 
of a McLeod gauge and the measurements of the com- 
parative speeds of three types of low pressure pumps. 
The principles involved in the experiment are 
relatively simple. Instruments used for measuring low 
pressure belong to two general classes: (1) those that 
work by comparison of the unknown pressure with a 
known pressure (McLeod gauge); (2) those that 
depend on various properties of gases which vary with 
pressure, or more precisely, with the number of mole- 
cules per unit volume (Pirani’s conductivity gauge). 
The McLeod gauge can only be used for gases which 
obey Boyle’s Law. The principle of this gauge consists 
in isolating a known volume V, of a gas at an unknown 


pressure P, and compressing the gas into a small 
known volume v, at which the additional pressure 4, 
is measured. According to Boyle’s Law: 

PV =v(P +p) = 0P + op 

P(V — 90) = po 

P = pu/(V — v) = p-o/V (1) 


If the ratio between V and 7 is large, V can be substi- 
tuted for (V — v). The values for v and V can be 
determined experimentally and since p is the difference 
in the two levels of the mercury at the time of reading, 
the initial pressure, P, in the apparatus can be calcu- 
lated. 

In the case of a vacuum pump, the speed of pumping 
is generally defined as the relative rate of decrease of 
pressure in a given volume per unit of time. If V is the 
volume of the system, p; and p: the pressures at two 
instances, ¢; and #, the speed 


2.3 V 


ti — Po 
k-th logio 


D2 — po 
where pp is the lowest pressure to which the pump can 
reach. In case fp is very small compared to ; and py, 
the formula becomes 





S= (2) 


S = = loge (3) 


APPARATUS AND PROCEDURE 


Calibration of McLeod Gauge.—Since it was impracti- 
cal to build a complete McLeod gauge for each experi- 
ment, the students were required to calibrate a 
“dummy” gauge as shown in Figure 1. The total volume 
(V) of the gauge was about 150 cc. and was determined 
by weighing the gauge empty and then filled with water 
to the outlet tube (B). The capillary tube was about 
15 cm. in length and 0.1 cm. in diameter. The diameter 
of the capillary was obtained by introducing a weighed 
portion of mercury into the capillary (with the help of 
alternate suction and pressure in the gauge) and 
measuring its length. Knowing the density and length 
of the mercury thread, the average cross-section could 
be calculated. This value multiplied by the distance 
between the etched mark (A) and the closed end of the 
tube gave the volume (v) of the capillary. From these 
data the ratio v/ V could be calculated. 

Comparative Speed of Pumping.—For this part of the 
experiment, an apparatus as shown in Figure 2 was set 
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up in the laboratory. It consisted primarily of a Mc- 
[eod gauge (A), an open-end mercury manometer 
(B), a one-liter bulb (C). (to give volume to the appara- 
tus), a one-stage mercury diffusion pump (D), a water 
aspirator and a Cenco Hy-Vac oil pump 
(not shown). The apparatus was of 
Pyrex, the connecting tubes having a 
diameter of about 8 mm. Stopcock (£) 
had a bore of about 5 to 6 mm., while 
stopcock (F) and the adjacent tubes had 
a bore of 1 mm. All other stopcocks 

were of 2- or 3-mm. bore. 
The McLeod gauge (A) was similar to 
V the ‘‘dummies” calibrated in the first 
part of the experiment and the ratio v/V 
when the mercury level was at the 


. etched mark (x) was given to the student. 
The mercury was raised and lowered in 
the gauge by applying pressure (atmos- 

see J pheric) or vacuum (water aspirator) in 


the reservoir (G) as needed. For pres- 
sures greater than 2- or 3-mm. of mer- 
cury (or the limit of the gauge), the McLeod gauge 
was cut off by means of a stopcock and the U-manome- 
ter (B) used for reading pressures. 

When the speed of the water aspirator or the Hy- 
Vac oil pump was to be measured, the pressure in the 
system was brought to atmospheric pressure (;) 
with both stopcock (Z) and (F) closed. The pump was 
started and after a wait of a few minutes the large 
stopcock (EZ) was opened wide for exactly one minute 
and then closed. The pressure in the system was again 
recorded (fo). The system was again brought to at- 
mospheric pressure and the experiment repeated ex- 
cept that stopcock (F) was now opened for exactly one 
minute. Substition of these data in formula (2) gave a 
comparison, not only of the relative speeds of the two 
pumps under the same conditions, but also the relative 
pumping speeds when the exhausting was through 
tubes of different diameter. In the case of the water 
aspirator, the limiting pressure (f)) was given as 15 
mm. The limiting pressure of the oil pump can be 
neglected and formula (3) used. The volume of the 
apparatus was assumed to be 1000 cc. in every case. 

In measuring the speed of the mercury diffusion 
pump, a slightly different technic was employed since 
the initial pressure in the system could not be atmos- 
pheric. The entire system including the McLeod 
gauge was evacuated with the Hy-Vac oil pump until 
the pressure was low enough to be read on the McLeod 
gauge (p;). The stopcocks (Z) and (F) were closed 
and the mercury diffusion pump (D) started. When it 
was working properly, the large stopcock (£) was 
opened for exactly one minute as before and then 
closed. The pressure in the system was again read on 
the McLeod gauge (f2). In the meantime, the diffu- 
sion pump was allowed to cool, the pressure in the sys- 
tem was raised slightly by introducing a little air and 
then connected to the oil pump as before until the pres- 
sure could be read on the McLeod gauge. After start- 
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ing the diffusion pump, the small stopcock (F) was 
opened for exactly one minute and then the necessary 
readings recorded. In this case also, formula (3) can 
be used since the limiting pressure of the mercury 
diffusion pump is negligible. 
DISCUSSION 
The above experiment offers many opportunities for 


familiarizing the student with low pressure apparatus 
and technic. By actually calibrating a common type 
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of low pressure gauge, he learns the physical laws on 
which it is based and its limitations. Since the McLeod 
gauge is based on Boyle’s Law, it obviously should 
never be used for gases like CO: or SO2. If desired, 
other common gauges such as the Pirani-Hale conduc- 
tivity gauge could also be included. 

The open-end U-manometer was purposely chosen as 
it impressed upon the student that the distance be- 
tween two levels of mercury in a manometer indicated 
a difference in pressure and’ not necessarily the total 
pressure on one side. This generally led to a more 
complete comprehension of the mercury barometer and 
pressure in general. 

The comparison of the speeds of pumping brought to 
light the mechanism of the various pumps used and the 
limitations of each pump. By pumping through a 
comparatively wide and a comparatively narrow tube, 
it was found that the speed for both a water aspirator 
and an oil pump were approximately the same if the 
pressure was comparatively large. However, when the 
pressure was rather low, as in the case of the mercury 
diffusion pump, much faster pumping was obtained 
when the connecting tubes were large. Thus to meas- 
ure the true speed, the pump should be joined to a 
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manometer by a connecting tube as wide and short as 
possible. 

During the course of the experiment, opportunity 
arose to discuss various types of stopcocks, the proper 
lubricants to use and how to apply them. Information 
was also given on making vacuum tight seals with wax 
and the undesirability of rubber connections in high 
vacuum apparatus. Emphasis was also placed on the 
necessity of keeping volatile and corrosive vapors out 
of the oil pumps and diffusion pumps and suitable traps 
that should be employed for that purpose. 


JOURNAL OF CHEMICAL Ebucary 


When the experiment was first introduced* ity 
limited to the superior students. However, so my 
interest was shown that it was later given to the en 
class as an optional experiment. It is interesting 
note that over ninety per cent. of the class chose ¢j 
experiment and most of them did considerably py 
outside reference reading on the subject than 
required. The bibliography, though not complete; 
very helpful in understanding this experiment. 


* Introduced at Northwestern University, Evanston, Iliyg 
in 1934, 
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The USE of SEMIMICRO-METHODS a 
UNDERGRADUATE INSTRUCTION 


ED. F. DEGERING 


Purdue University, Lafayette, Indiana 


HE work of Pregl on quantitative organic micro- 

analysis, that of Chamot on chemical microscopy, 

and that of Emich on microchemical analysis, 
have stimulated a far-reaching interest in micro- and 
semimicro-methods that is being recognized in our 
educational institutions. 

About seven years ago, in keeping with these newer 
developments, a start was made at Purdue University 
toward the use of semimicro-methods in undergraduate 
organic chemistry. Year by year the course has been 
revised, the amounts of chemical decreased, the pro- 
cedures improved, and the technic simplified until 
something approximating a semimicro course is being 
offered. Last year the undergraduate course in qualita- 
tive analysis was placed on a semimicro basis, and the 
results were very gratifying. At the present, some con- 


* Presented before the joint meeting of the Divisions of Hist- 
ory of Chemistry and Chemical Education at the Fourteenth 
Midwest Regional Meeting, of the A. C. S., Omaha, Nebraska, 
May 1, 1937. 


sideration is being given to the introduction of tht 
semimicro-methods in the freshmen chemistry course 


TABLE 1 
QUANTITIES NORMALLY PRESENT IN MACRO-QUALITATIVE ANALYSIS 
Cc cl Br I N is § 
10 /5000 10/1000 10/1000 10/1000 10/5000 10 /3000 10 /3000 
(as COs") (as Cl~) (as Br-) (as I~) (as NOs~) (as POi") (as SO?) 
TABLE 2 
QUANTITIES NORMALLY PRESENT IN SEMIMICRO-QUALITATIVE ANALYSIS 
Cc cl Br I N P S 
1/5000 1/1000 1/1000 1/1000 1/5000 1/3000 1/3000 
(as COs") (as Cl-) (as Br=) (as I~) (as NOs~) (as PO«") (as SOV) 
TABLE 3 
QUANTITIES READILY DETECTED IN SEMIMICRO-QUALITATIVE ORGANIC 
ANALYSIS 
Cc cl Br I N P § 
1/55,000 1/25,000 1/25,000 1/25,000 1/25,000 1/100,000 1 /27,500 
(as COs") (as Cl-) (as Br-) (as1-) (as CN~-) (as POs") (as S$”) 


A beginning has been made; much remains to be dott 
In an evaluation of the use of the semimicro-methots 
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| wndergraduate instruction, there are two distinct 
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th . . ‘ 
mpl ranted that the fourfold objective of laboratory in- 
nt, |gtruction aims at the acquisition of technic, the de- 






lopment of the senses, the assimilation of factual 
mowledge by first-hand experimentation through a 
ogical interpretation and correlation of the results, 
nd the preparation of intelligible reports. The student 
hould be taught ¢o do correctly, to sense accurately, to 
ink clearly, and to report intelligibly. 

With the use of the usual macro-methods, there has 
hen a tendency to neglect the proper acquisition of 
echnic inasmuch as the quantities of materials worked 
ith do not require accurate and careful manipulation 
mm the part of the student. The semimicro-methods, 
on the other hand, call for an added degree of technic 
hat gives the student an invaluable training in accuracy 
and precision that will be of inestimable value to him 
jn almost any vocation to which chance may assign 
him. This is amply illustrated by a consideration of 
ables 1, 2 and 3. 

The data in these tables indicate that the quantities 
of materials for macro-methods are at least ten times 
as great as those normally employed in the semimicro- 
methods. An ample spread exists, however, between 
the quantities normally used in the semimicro-methods 
and the minimum detectable amounts of the constitu- 
eits. The present status of the procedures might 
justify such a spread, but as methods are improved the 
amounts of reagents used in the semimicro-methods 
will be decreased proportionately. 

It is difficult to evaluate the effect of smaller amounts 
of materials in terms of the acquisition of technic, but 
all must agree that working with a milliliter of solution 
instead of ten milliliters of solution, must, without 
question, enhance the acquisition of technic on the part 
of the individual student. 
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of thei The semimicro-methods, moreover, call for more care- 
ourss.& ful observation on the part of the worker. The student 

must be alert if he is to detect slight changes that are 
vss | © be taken as indications of a reaction between the 
5 teagents. He must be able to detect the formation of 
300 fF 4 slight precipitate, the liberation of a small amount 


50° Bi of heat, the escape of traces of a gas, or the presence 


of afaint odor. He must be able to see, to feel, and to 
smell. He must sense accurately. 
J The development of the power to think clearly and 
san of the ability to record intelligently may not be en- 
hanced by the use of the semimicro-methods, but the 
writer is of the opinion that the student who does more 
correctly and senses more accurately will think more 
dearly and record more intelligently. 
500 It would seem, then, that in so far as we are concerned 
with better instructional methods, the semimicro- 
methods have ample justification. 
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In considering the economies that may be effected by 

the adoption of the semimicro-methods, one must 
evaluate the capacity of the laboratory, the require- 
ments for apparatus, and the consumption of chemicals. 

The capacity of a laboratory is a problem of increasing 
concern as the enrolment figures begin to mount. A 
very careful consideration of this phase of the problem 
has indicated that the space normally allotted to six 
freshman students per semester (six laboratory sections) 
can be made to accommodate twelve freshman students 
per semester (twelve laboratory sections). In other 
words, the storage space for the semimicro-apparatus 
is about one-half of that necessary for the macro-ap- 
paratus. The standard freshmen lockers at Purdue, for 
example, measure 9 X 18 X 24 inches, but a locker 9 X 
9 X 24 inches would accommodate the necessary ap- 
paratus if the semimicro-procedures were adopted. 
This means, of course, that a given laboratory can ac- 
commodate just twice as many students. While twelve 
sections per week in a given laboratory might not ap- 
peal to the average instructor, it will certainly make an 
appeal to the taxpayer. 

In the courses in qualitative analysis and organic 
chemistry, similar economies with respect to storage 
facilities could be effected by the introduction of the 
semimicro-methods. The savings on investment in ap- 
paratus will be determined somewhat by the particular 
course under consideration, but in most cases this 
saving will prove to be significant. 

The economies in the consumption of chemicals, 
obviously enough, should be about ninety per cent. 
Actually, the figure is more correctly represented by 
fifty to seventy-five per cent., due to the fact that as 
one decreases the amount of materials used, the per- 
centage waste is proportionately higher. In a junior 
organic course, actual calculations based on chemicals 
required by the semimicro- as compared to the macro- 
procedures indicate a saving of fifty per cent. In this 
same course, this represents a saving of about five 
dollars per year per student. It is estimated that a 
saving in chemicals of at least one dollar per year per 
student could be effected by the use of the semimicro- 
methods in freshman chemistry as a substitute for the 
usual macro-procedures. In qualitative analysis a 
similar or even greater saving might be effected. In 
this day of increasing costs, more attention ought to 
be given to these possible economies. 

On a sevenfold count, then, the semimicro-methods 
appear to be superior to the usual macro-methods. 


(1) The student learns to do more correctly. 

(2) He is compelled to sense more accurately. 

(3) He is encouraged to think more clearly. 

(4) He is inclined to record more intelligibly. 

(5) The cost of his working space is only one-half as 
much. 

(6) The cost of his apparatus is reduced to about one- 
half as much. 

(7) The cost of his chemicals is only ten to fifty per 


cent. as much. 
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THE PREPARATION OF 
SULFANILAMIDE 


OGDEN BAINE 


Southwestern, Memphis, Tennessee 


IN VIEW of the great amount of publicity recently 
given to sulfanilamide (p-aminobenzenesulfonamide) 
and in consideration of the several fundamental type 
reactions involved in its preparation, the synthesis of 
this compound may profitably be included in the 
laboratory procedures of undergraduate organic chem- 
istry. No elaborate apparatus is required, and the de- 
mands on the students’ technical ability are not ex- 
cessive. 

The reactions involved in the preparation of sulfanil- 
amide from aniline are as follows. 


(I) NH; + CH;COOH 
—> 


O 
H || 
O N—C—CH; 
(III) | + NH; —> 
mest, 
O 


JOURNAL OF CHEMICAL Epucany 


In reaction (I) any of the usual methods of acetyl. 
tion may be employed. Reaction (II) gives a maximum 
yield of eighty-five per cent., the only reaction of the 
series which cannot be made practically quantitative 
Reaction (III) is carried out with aqueous ammonia 
and the final step by boiling with dilute HCl. It js 
quite possible to complete the entire synthesis in two 
laboratory periods of four hours each. Reactions ([) 
and (III) may be modified so as to produce many other 
derivatives of sulfanilic acid. 





1GnMan, editor, ‘Organic Syntheses,” Collective Volume |, 
John Wiley & Sons, New York City, Inc., 1932, pp. 8-9. 
2 Getmo, J. prakt. Chem., 77, (2), 371 (1908). 





A THERMOREGULATOR OF EASY 
CONSTRUCTION 


GEORGE H. BURROWS 


University of Vermont, Burlington, Vermont 


THE mercury-in-glass thermoregulator shown in the 
accompanying figure is easily made and easily managed. 
It avoids need of sealing platinum into 

glass, and it is very readily filled. 
The make-and-break contact is show 
at the left. The ordinary glass stopcock 
is lubricated with flake graphite instead 
of with grease; the graphite by its cor 
ductivity completes the circuit when the 
regulator is in use and the stopcock 
closed. The wires may conveniently bed 

Nichrome, or of platinum. 

If the mercury used is purified in the 
usual Victor Meyer apparatus, insertion 
of a short column of carbon tetrachloride 
) between the mercurous nitrate solutioa 











and the mercury prevents clogging 
long standing through formation of 
basic nitrate. 
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The UNIT PROCESS—THERMAL 


DECOMPOSITION" 


W. L. FAITH 


Kansas State College, Manhattan, Kansas 


HE UNIT process, thermal decomposition or 
pyrolysis, has been largely neglected in treatises 
dealing with the teaching of chemical engineering 

unit processes. The only recent publications are one 
by Keyes (1) on a specific phase of the subject and a 
chapter on dry distillation of coal in Olsen’s ‘Chemical 
Engineering Unit Processes and Principles” (2). The 
probable reason for this neglect is the complex nature of 
the chief raw materials involved: coal, wood, and 
petroleum. The few cases in which a simple trans- 
formation takes place such as dehydrogenation and de- 
hydration of alcohols, and decarboxylation of phthalic 
acid are of only relatively minor importance. On the 
other hand, the rdle of thermal decomposition in other 
unit processes cannot be overemphasized. Its impor- 
tance in the catalytic oxidation of organic compounds in 
the vapor phase is an excellent example of this. 

At Kansas State College, the required unit process 
course is called ‘‘Organic Chemical Technology”’ which 
is the offspring of a former course called ‘Industrial 
Organic Chemistry.”’ The course still includes de- 
scriptive material on the process industries (paper and 
pulp, rubber, petroleum refining, and so forth) but is 
outlined as nearly as possible according to the chemical 
engineering unit processes. The course is given to 
second-semester seniors and is preceded by inorganic 
chemical technology (one-half year) and a year’s study 
each of elements of chemical engineering, organic 
chemistry, and physical chemistry along with the other 
usual courses. 

Thermal decomposition is the first unit process 
studied in this course. It is introduced by a brief re- 
view of the pyrolysis of organic compounds. In this 
teview, emphasis is placed on the effect of time, tem- 
perature, pressure, concentration and catalysis on 
equilibrium, rate of reaction, type of reaction occurring, 
and so forth. 

Paraffin hydrocarbon decomposition is considered 
first. The chief reactions are dehydrogenation and 
condensation. Considerable data are available on the 
elect of the variables mentioned above in Hurd’s 
“Pyrolysis of Carbon Compounds” (3). A study of the 
pyrolysis of olefins, naphthenes, and aromatic hydro- 
carbons follows. Next, pyrolysis of the alcohols offers 
an excellent example of the effect of catalysts on the 


_ 


* Presented before the Division of Chemical Engineering of the 
Society for the Promotion of Engineering Education at the 
orty-fifth annual meeting in Cambridge, Massachusetts, June 
29 to July 2, 1937. 
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direction and extent of the reaction, through a con- 
sideration of dehydration and dehydrogenation. The 
aldehydes and ketones may be used to elaborate on the 
complexity of thermal decomposition, the acids to show 
decarboxylation and dehydration. Various miscel- 
laneous decompositions of industrial importance, such 
as the decomposition of acetone to methane and ketene, 
are also considered. 


THERMAL DECOMPOSITION OF COAL 


The pyrolysis of coal is introduced by a study of the 
raw material itself. An understanding of the various 
theories of coal formation enables the student to grasp 
more easily the significance of solvent extraction and 
other research methods on the chemical composition of 
coal. The physical structure should also be men- 
tioned, since it has been shown that the banded ingredi- 
ents (clarain, durain, fusain, and vitrain, or their 
American equivalents (4)) are important in blending 
coal for the coke oven (5, 6). 

Knowledge of the type of molecules in coal, or those 
formed when the coal is heated to the plastic state, 
logically leads to a probable mechanism of pyrolysis 
during destructive distillation. This thermal decom- 
position can be divided into two types: 


(1) Fusion of coal and evolution of vapors. 
(2) Decomposition of these vapors in contact with 
hot coke or hot oven walls. 


A very reasonable explanation of these reactions 
(6, 7, 8) then leads to the compounds found in the tar 
and light oils subsequently extracted from the gas, as 
well as to the composition of the gas itself. 

In discussing this chemistry of coal carbonization, the 
effect of the five variables—time, temperature, pressure, 
concentration and catalysis—should be emphasized. 
Gluud in his ‘International Handbook of the By- 
Product Coal Industry” (6), presents excellent material 
on this subject. Some of the other references at the end 
of this article are also pertinent (4, 9, 10, 11). 

The distribution of nitrogen and sulfur in the prod- 
ucts of coal carbonization may also be predicated from 
simple reactions (6,7). Of course, in all this discussion, 
as well as that which follows, it is well to remember the 
remark made by Curtis (4), ‘Generalities in discussing 
coal carbonization are seldom permissible.” With this 
in mind, however, one can discuss coal carbonization, 
and yet realize the limitations of his theories. 
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After a discussion of the chemistry of a unit process 
the chemical engineer usually looks next for material 
and heat balances. Generalized balances (7, 12) may 
be given at this point followed by a discussion of the 
effect of raw material, equipment design, and operation 
methods on product variation. Suggested outlines for 
this part of the class work are as follows: 


A. Effect of raw material on products formed (fac- 
tors to be considered) 
Swelling tendency 
Particle size 
Moisture 
Ash (13) 
Banded ingredients (vitrain, clarain, fu- 
sain, durain) 
Softening temperature 
. Degree of plasticity reached 
8. Temperature of initial coke formation 
9. Characteristics of volatile fraction 
10. Rate of evolution of volatile products 
B. Effect of operation on products formed 
Consider the following factors: 
1. Heating temperature 
a. High temperature carbonization 
b. Low temperature carbonization 
c. Middle temperature carbonization 
Heating rate 
Vacuum distillation 
. Time of heating below pasty stage (11) 
. Steaming 
C. Effect of equipment design on products formed 
(Factors to be considered) (14) 
1. Method of applying heat 
2. Path of travel of gases 
3. Materials of construction of oven walls, and 
so forth 
4. Height of oven (overheating of top) 
5. Design of heating flues (for uniform heating) 
6. Length of flame (delayed combustion to pre- 
vent overheating of bottom) 


Obviously there is a certain amount of overlapping 
and variation of importance between the several items 
listed in the outline. The individual instructor is the 
best judge of the proper method of presentation. 

Continuing: 


D. Heat flow and fuel economy 
1. Path of heat flow 
2. Resistances to heat flow 
a. Selection of refractories 
3. Exo- or endothermic character of reaction 
4. Type of heating gas 
5. Recovery of sensible heat 
a. Waste heat boilers 
b. Coal tar stills 
c. Regeneration, recuperation, and so forth 
d. Dry quenching of coke 
Design of heating flues 
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Commercial Coking Equipment (for High Temperaty, 
Carbonization).—In discussing commercial equipment 
it is difficult to determine just what one should inclyg 
or rather what one should exclude. Time available ani 
interest in the subject are usually deciding factors, 

A suggested outline is: 


1. Requirements of coke ovens 
2. Recent trends in coke oven design (15) 
3. Vertical flue ovens 
a. Becker oven 
Horizontal flue ovens 
a. Semet-Solvay oven 
Gas retorts 
Combination ovens 
a. Koppers combination coke and gas oven 
7. Starting the coke oven. 


A considerable amount of information is available 
concerning the three ovens mentioned (2, 6, 7, 14, 16, 
17). For that reason they were selected in preference 
to others. The last item, ‘Starting the coke oven,” js 
quite important. It has been found that students are 
very much interested in how all continuous or semi- 
continuous processes are started. In this particular 
case discussion of this phase aids in the understanding of 
coke oven construction. Material on this subject may 
be found in Gluud (loc. cit., p. 335). Only general ma 
terial is presented to the class on doors, pushers, auto- 
matic valves, and so forth. Emphasis is placed on the 
reasons for certain details of construction. 

Technical Processes.—This consists of a description of 
commercial by-product coke processes, of much the 
same nature as is presented in the usual textbooks on 
“Industrial Chemistry.’’ Economic considerations and 
a brief history of the development of coal distillation 
should be included. 


LOW TEMPERATURE CARBONIZATION (18) 


Suggested outline: 


1. Purpose 
a. Production of improved domestic fuel 
b. Complete gasification 
c. More nearly complete utilization of coal 
Difficulties and suggested remedies 
Cost 
Poor heat transfer 
Sticking of partially coked coal 
Quenching 
Poor coke 
7. Lack of uniform size 
u“. Lack of strength 
au. Poor combustion characteristics 
Oven types 
a. Static 
b. Semi-static 
c. Continuous 
Description of technical oven 
a. Salerni system 
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CARBONIZATION OF COAL-OIL MIXTURES (19) 





]. Purposes 
9, Types of ovens 
a. Atmospheric 

























t 
i: i. Knowles oven (20) 
b. Pressure 
4. Bluemner or Carbonol 
COAL-TAR DISTILLATION 
The thermal decomposition of coal has not been ade- 
quately treated until one discusses the distillation of 
one of its derivatives, coal-tar. The purpose of coal-tar 
distillation is to obtain as high a yield of oil as possible. 
vm Of course, if coal-tar distillation was a simple physical 
separation, it would have no place in this paper. The 
vailabl distillation is not this simple since both gas and pitch 
= are formed at the expense of the oil yield, evidence in 
14, 16, 8 Al 
Serene: itself of thermal decomposition. 
ei Weiss (21) has published an excellent paper on this 
ven,” js 4 : ; , ; 
nts’ subject and the following teaching outline was derived 
r sem.  O™ his article. 
rticular A. Variation of oil yield (effect of important vari- 
ding of ables) 
— 1. Temperature 
“—— 2. Rate of heating 
» alito- pap 
py 3. Time 
lid 4. Agitation 
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a. Steam 

b. Air 
5. Vacuum 
6. Inert gas recirculation 
Types of stills 









1. Simple batch still 

2. Steam-agitated still 

3. Vacuum still 

4. Gas re-circulation still 
5 

6 

7 







Pipe still 
Reilly coke still 
Barrett coke-oven still 







THERMAL DECOMPOSITION OF WOOD 






I. Hardwood Distillation 


Recent literature on the destructive distillation of 
wood is practically nil, particularly in regard to retort 
construction and thermal reactions. This is un- 
doubtedly due to the uncertain status of the industry. 
Nevertheless, as long as there is a demand for charcoal, 
the industry will not die, and a general knowledge of the 
problems involved should be a part of the equipment of 
every student chemical engineer. 

This subject should be introduced by a consideration 
of the economics of the wood distillation industry, if for 
no other reason than to increase student interest. 
Next, the chemistry of the thermal decomposition of 
Wood is introduced by a consideration of the composi- 
tion of the raw material. 
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Not a great deal of information is available which 
deals strictly with the pyrolytic reactions involved, but 
Hawley in Chapter II and III of his ‘‘Wood Distilla- 
tion’”’ (22) presents an excellent résumé of that which is 
known. In addition to this, if we consider that methyl 
alcohol and acetic acid are the primary products of wood 
distillation, many of the other compounds formed may 
be predicted as the result of interaction between these 
molecules and their derivatives. Also, some workers 
(23) have attempted to show that methyl alcohol is 
formed from the methoxy groups of the ligno-cellulose, 
so this possibility should be considered. Conyers (24) 
and Liddell (9) both present brief reviews of the chem- 
istry of wood distillation. 

The effect of important variables on the quantity and 
quality of products formed may then be studied accord- 
ing to the following outline: 


Temperature 

Time 

Pressure (23) 
Presence of steam 
Rate of distillation 
Moisture 

Catalysts 
Composition of wood 
Retort design 


© SNOOP & de 


An excellent discussion of these factors may be found 
in Chapters II and III of Hawley’s book (loc. cit.). 
Liddell (9) also presents pertinent material. 

Next should be considered ‘‘Heat Transfer and Fuel 
Economy” under the following headings: 


1. Exothermic character of the reaction 
2. Control of temperature during distillation 
3. Mechanism of heating (Hawley, p. 59) 
(Conduction, convection, radiation) 
4. Effect of moisture 
5. Control of firing 
a. Appearance of distillate 
b. Temperature of vapors 
c. Regular schedule 
6. Heat utilization (25) 
a. Burning retort gas 
b. Tar as boiler fuel 
c. Sensible heat for pre-driers 
d. Proper distribution of burning gases 
7. Importance of temperature control 
a. Constant and increased by-product yield 
b. Regularity of operation 
c. Avoidance of overheating (retort repairs) 
8. Typical heat balance (26) 
A. Commercial Retorts 
1. Horizontal 
a. Rectangular oven (Jumbo with buggies) 
b. Cylindrical retort 
2. Vertical 
a. Fixed retort 
b. Removable retort 
c. Fixed retort with removable cage 
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8. Continuous retorts 
a. Badger-Stafford retort 
4. Materials of construction 


The classification of retorts listed above was made up 
from Roger’s ‘‘Manual of Industrial Chemistry” (7). 
Of those mentioned, the only ones which are presented 
to the class in any detail are the Jumbo oven and 
Badger-Stafford retort (27). 


B. Technical Processes 


Typical commercial wood distillation processes are 
described. The old lime-acetate process is barely men- 
tioned. Emphasis is placed on the Suida process, and 
some consideration is given to the method recently de- 
scribed by Othmer (28). 


II. Resinous Wood Distillation 


A typical outline of this subject is as follows: 
A. Composition of raw material 
B. Probable course of reactions 
1. Effect of rosin content 
C. Choice of retort 
1. Effect of retort size on corrosion 
2. Economic considerations (labor, fuel, de- 
preciation, and so forth) 
Internal flues vs. external heating 
Vertical vs. horizontal retorts 
Withdrawal of tar or pitch 
Type of process 
a. Destructive distillation 
b. Steam distillation 
c. Steam-solvent process 
D. Typical commercial process 
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Since there is so much variation from plant to plant 
within the industry itself, it is practically impossible tp 
go into much detail. Information which will fit th 
outline may be found in Hawley (22), Rogers (7), ang 
others (16, 17). 


THERMAL DECOMPOSITION OF PETROLEUM 


Presentation of a detailed outline on the therm 
decomposition of petroleum would be in a great measure 
only a repetition of Keyes’ excellent article previously 
cited (1). An outline quite similar to those presented 
for pyrolysis of coal and wood could be prepared very 
easily from this material. 

There should, however, be some information added ty 
that presented by Keyes, particularly on polymeriz. 
tion of cracking still gases. This subject rightfully be. 
longs under thermal decomposition, since it occurs 
along with the cracking reaction. By only a slight 
change of conditions, one can shift from one type of 
reaction to another. Pertinent articles on polymeriza. 
tion are cited at the end of this paper (29, 30, 31, 32, 33, 
34). 


MISCELLANEOUS REACTIONS 


When time permits or local interest is sufficient, it is 
advisable to present several minor processes such as the 
thermal decomposition of shale (9). At Kansas State 
College research is being carried out on the thermal de 
composition of straw and other farm waste products. 
Some of the data obtained are usually presented to the 
class. 
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A SCALE for PREDICTING NUCLEAR 
TRANSFORMATIONS 


VLADIMIR KARAPETOFF 


Cornell University, Ithaca, New York 


A nine-point scale is described which being placed on a 
chart of isotopes permits one to predict nuclear trans- 
formations and disintegrations of chemical elements bom- 
barded with protons, deuterons, neutrons, or alpha particles. 


++ ooo + 


ITH a growing interest in artificial disintegra- 

tions of atomic nuclei it becomes desirable to 

have some simple graphical means for immedi- 
ately ascertaining theoretically what product or products 
may be expected when a given isotope of an element is 
bombarded with such particles as protons, neutrons, 
deuterons, or alpha particles. The simple device shown 
in the three figures serves this purpose. 

It is made of a piece of celluloid in the form of a 
double H, and it has nine points spaced at the same 
distance as the adjacent elements on the chart of iso- 
topes with which it is to be used. A deuteron D, or H,’, 
that is, the nucleus of a heavy hydrogen atom, is marked 
in the center of the device. Ordinary hydrogen nucleus, 
or proton, H,!, is marked at the point above it; and 
the triple-weight isotope of hydrogen nucleus, H,’, at 
the point below it. All these three nuclei have the 
same atomic number, 1, indicated by the subscript. 
Their atomic weights are 1, 2, 3, respectively, as in- 
dicated by the superscripts. The nuclei and not the 
atoms are understood in this notation, in so far as the 
scale is concerned. The proton is a unit of atomic mass 
Which carries a unit of positive electric charge. The 
deuteron, or the nucleus of heavy hydrogen, consists of 
a proton and a neutron associated with it, the latter 


having a unit mass like the proton, but no electric 
charge. The triton, or the nucleus of triple-weight 





FIGuRE 1 


hydrogen (tritium) is supposed to consist of a proton 
and two neutrons. 
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The scale bar at the left has three modifications of 
helium nuclei marked on it. The lowest one is the 
ordinary alpha particle which may be assumed to con- 
sist of two protons and two neutrons, thus giving an 
atomic weight of four and the atomic number two. Its 
isotope, He,*, probably consists of two protons and a 
neutron. The substance marked on top of the bar, He2?, 








FiGuRE 2.—THE AUTHOR DEMONSTRATES THE USE OF THE 
SCALE 


is a purely hypothetical nucleus consisting of two pro- 
tons. If such a substance exists its logical place would 
be at that point. 

The three symbols on the right-hand bar of the scale 
refer to entities with the atomic number 0, that is, 
with no electric charge. Their atomic weights are 0, 1, 
and 2, respectively. The upper symbol refers to a 
pulse of gamma rays emitted as a result of an absorp- 
tion of a bombarding particle by the atom with which 
it comes into collision. The middle symbol, n,', signifies 
a neutron, and the lower symbol represents two neu- 
trons, or a neutron of double atomic weight, if such a 
particle is ever found to exist. 

The chart of isotopes is plotted in the usual manner 
against atomic numbers as abscissas. The number of 
neutrons in the nucleus is used as ordinates. If the 
atomic weight of an element is A and its atomic num- 
ber Z, the difference of the two gives the number of 
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particles which contributes to the weight of the atom, 
but not to the charge in its nucleus or to the number 9 
orbital electrons. Therefore, A — Z may be said ty 














FIGURE 3 


represent the number of neutrons. The subscripts in- 
dicate the atomic number, being the same in any one 
column, and the superscripts denote the atomic weights, 
these being different for the isotopes of the same ée- 
ment. The most abundant and stable isotope of each 
element is represented by a solid black dot. 

In Figure 1 a part of the chart of isotopes is shom 
in perspective under the scale, as an example. The 
atom to be bombarded and the bombarding particle 
are first brought into coincidence. Let the beryllium 
isotope of atomic weight 9 be bombarded with deu- 
terons (H,’). The scale is placed with its H,? point 
over Be,’ on the chart. We then read the following 
possibilities: 

1. Lithium Li,’ is formed, with the emission of an 

alpha-particle (Hee‘). 

2. Lithium L,° is formed with the emission of a 

helium ion, He,’. 

Beryllium Be," is formed, with the emission o 
a proton, Hy’. 

Beryllium Be,’ is formed, with the emission of4 
triton, or triple-weight hydrogen ion, H,’. 

The bombarding deuteron is combined with the 
beryllium atom, forming a boron atom, Bs", with 
the emission of a gamma-ray pulse. 

Boron B;?° is formed, with the emission of a net- 
tron, no. 

Boron B;° is formed, with the emission of two 
neutrons. 


Of these theoretically possible transformations, thos 
numbered 1, 3, 4,.and 6 have been actually observed: 


1 Rasetti, F., “Elements of nuclear physics,” Prentice-Hal, 
Inc., New York City, 1936, p. 245. 
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the others either have not been observed or may be 
impossible for some reasons outside the simple balance 
of the constituents of the nuclei. After all, the scale 
gives only the ‘‘arithmetically” possible transforma- 
tions, and does not indicate the energy relations. 

In the same position of the scale, one may read the 
results of bombarding Be,’® with protons, B;'° with 
neutrons, B;'! with gamma rays, and so forth. Should 
heavier bombarding particles be used than helium 
quclei, another scale may be constructed, or the same 
gale marked with different symbols. 

The foregoing scale is based on the general equation 


Xi+Pe—Vitii, +@ 
where X is an atom of the original bombarded isotope 
and Y is the final product. P is the bombarding par- 
ticle or radiation, and (Q is the ejected particle or radi- 
ation. The subscripts and the superscripts indicate the 
atomic numbers and weights, respectively. The sum 


of the atomic weights on both sides of the equation 
must be the same, and so must be the sum of the atomic 
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numbers. It will be seen that these conditions are ful- 
filled in the equation. The particular scale shown was 
built for the range of atomic weights of from 0 to 4 and 
for atomic numbers from 0 to 2. It could be constructed 
for any other desired range. Since the loci of equal 
atomic numbers in the chart of isotopes are vertical 
lines, the same relationship is preserved on the scale. 
The loci of equal atomic weights on the chart are forty- 
five degree diagonal lines slanting down to the right; 
the same is true of the scale. The two points of differ- 
ence between the chart and the scale are as follows: 

(1) The atomic numbers increase to the right in the 
chart and to the left on the scale. 

(2) The atomic weights increase upward in the chart 
and downward on the scale. 

Because of these differences, the foregoing general 
equation is fulfilled: going in any direction from one 
point to another on the scale, the sum of the sub- 
scripts read at the two ends of a pin remains the same. 
This is also true of the superscripts, and proves the 
scale to be correct. 





SOME IMPROVED 


PROCEDURES 


for the ELEMENTARY ORGANIC 


LABORATORY 


KEITH M. SEYMOUR* 


Reed College, Portland, Oregon 


A preparation of oxalic acid is described which is be- 
heved to be a useful addition to the aliphatic acid prepara- 
tions suitable for elementary organic students. 

The advantages of using ethylene dichloride, or other 
halogenated solvents, to replace ethyl ether are discussed. 
Several applications are described, one of which is a time- 
saving method of purifying acetamide. 


+~ +++ + + 


PART I. THE PREPARATION OF OXALIC ACID 


HE common preparations of aliphatic acids are 
generally unsatisfactory in the hands of the begin- 
ning student. He is told by lecturer and textbook 
that primary alcohols can be oxidized to acids but if 
he attempts this reaction with the standard organic 
oxidizing reagents, dichromate and permanganate 
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solutions, he finds that the first reagent produces a com- 
plex mixture very difficult to purify and that the second 
reagent involves the use of unwieldly volumes (1). 

One widely used acid preparation is that of oxalic 
acid from sugar. From the technical viewpoint this is 
an excellent experiment, but it is difficult to see how 
the student, who usually has no idea of the constitution 
of sugar at the time oxalic acid is studied, can obtain 
much of educational value from this experiment. 

The oxidation of ethylene glycol to oxalic acid with 
hot nitric acid has been known (2) for many years. One 
laboratory manual (3) uses it as a test-tube preparation, 
but no larger scale use of this experiment for elementary 
organic students has been noted, despite the fact that 
the reaction is mentioned in most textbooks. Since 
this test-tube reaction gave good results it was tested 
with larger quantities. Due to the volatility of the 
glycol at the temperature attained during the reaction 
it was found necessary to use a flask with a reflux con- 
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denser. The following preparation was developed which 
has been satisfactory in the hands of the students. 


DIRECTIONS 


Twelve and four-tenths grams (0.2 mole) (Note 1) of 
ethylene glycol are placed in a 500-cc. (Note 2) ring- 
neck flask and about 200 g. (excess) of 6 N nitric acid 
are added (Note 3). The flask is equipped with a reflux 
condenser and either placed in the hood or connected to 
a system for absorbing the nitrogen oxides. The set-up 
used by Adams and Johnson (4) in their preparation of 
n-butyl bromide is very satisfactory. The flask is 
cautiously heated with a small flame. When the solu- 
tion becomes yellow the flame is removed. If brown 
fumes are not immediately evolved replace the flame 
for a moment. The heating should not be continued 
after the reaction starts. Usually the reaction becomes 
quite vigorous and it is necessary to cool the flask with 
a basin of cold water. When the reaction has subsided 
(ten to fifteen minutes) the small flame is replaced and 
the mixture gently boiled for thirty to forty minutes 
(Note 4). The solution is then removed to an evaporat- 
ing dish, concentrated in the hood (Note 5) to about 
25 cc. and allowed to cool. The crystals which form are 
filtered off with suction. If the filtrate is concentrated 
a small additional crop of crystals may be obtained. 
The product is recrystallized once from the least pos- 
sible hot water. Fourteen to sixteen grams (fifty-five 
to sixty-seven per cent.) (Note 6) of hydrated oxalic 
acid are obtained, m.p. 99-100°. 


NOTES 


1. Half of this quantity may be used. Students 
using 0.1 mole averaged about forty to fifty per cent., 
but with 0.2 mole there were fewer small yields. 

2. Due to the vigor with which the reaction some- 
times starts it is safer to use a large flask. 

3. Concentrated acid may be used, but 6 WN acid 
gave better yields in a long series of experiments. 
Smaller quantities of acid gave incomplete reactions. 

4. If the heating is stopped too soon, the reaction is 
incomplete, leaving glycol which is difficult to remove 
from the oxalic acid without considerable loss of prod- 
uct. 

5. If there is insufficient hood space the flask may be 
connected to a downward condenser and the major por- 
tion of the liquid removed by distillation. This evapo- 
ration may be hastened by the use of reduced pressure 
if water pumps are available. Not quite as large 
yields were obtained by this method. 

6. Yields as high as eighty per cent. were obtained 
by the better students. 


ETHYLENE DICHLORIDE AS A SOLVENT TO 
REPLACE ETHERS 


The fire hazard involved in the use of diethyl ether 
is universally recognized, and the danger of explosion 
when ethers are evaporated has been discussed (5) ex- 
tensively recently. 
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As one method of eliminating these hazards jn the 
elementary organic laboratory the substitution of ep. 
ylene dichloride for ether has been investigated, Tig 
material was chosen since it was cheaper than othe 
halogenated solvents with suitable boiling points. Hoy. 
ever, there are many others covering a wide range gf 
boiling points which are not expensive. Whitmore (6) 
has recommended dichlorethylene as a substitute fo, 
ether. 

The chief disadvantage in the use of this solvent jg 
the health hazard. Ethylene dichloride, (7) in comm 
with many organic solvents, particularly halogen 
derivatives, is toxic when breathed in quantity. Fy 
this reason, while there is no fire hazard connected with 
the evaporation of ethylene dichloride from an open 
beaker over a free flame, such procedure should not be 
permitted. If ordinary precaution is taken to prevent 
excessive evaporation of the vapors into the laboratory 
no difficulty should arise. 

Ethylene dichloride, like most halogenated solvents, 
is sufficiently dense that even when extracting a rather 
concentrated aqueous solution it forms the lower laye 
in the separatory funnel. This is a very decided ad. 
vantage when performing repeated extractions. 


A. THE PREPARATION OF ANILINE AND 0-TOLUIDINE 
(WITH ETHEL M. PETERSEN) 


In preparing aniline by Degering’s (8) procedure, the 
substitution of three 20-cc. portions of ethylene chloride 
for the ether led to yields averaging sixty per cent. 

To obtain satisfactory reduction of o-nitrotoluene it 
was found necessary to modify Degering’s procedure for 
aniline by doubling the quantities of reactants, using 
16 cc. of hydrochloric acid and lengthening the heating 
time to three and one-half hours. Ordinary stirrers were 
found ineffective, but a satisfactory one was made by 
tacking to the end of a piece of quarter-inch doweling 
two crossed one-half-inch by three-inch strips cut from 
a tin can. These blades were twisted around the rod 
to permit the stirrer to pass through the neck of the 
flask, and were then bent out again by manipulation with 
arod. The iron strips required occasional replacement, 
as they were attacked during the reduction, but this was 
to some degree an advantage, as it ensured the libera- 
tion of hydrogen in all parts of the mixture. Using the 
above procedure and substituting ethylene dichloride for 
ether, two reductions of o-nitrotoluene gave a product 
collected in the range 198-203°, largely 199-200°, in 
average yields of eighty-three per cent. 


B. THE PREPARATION OF ACETAMIDE 
(WITH ETHEL M. PETERSEN AND HILARY WILLIS) 


This preparation does not involve the substitution 
a solvent but is an improvement of a standard expef: 
ment. The common preparation of acetamide by ait 
monolysis of ethyl acetate as described by Fieser (9) was 
followed, with the exception that a ten-inch fractionating 
column was used, to the point where the temperatutt 
of the distilling mixture had reached 170°. At this poitt 
the residue in the flask was cooled to about 70° and & 
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‘ds in the MH tracted with 20 cc. of hot ethylene dichloride. The mix- 
1 of eth. H tyre was filtered hot, cooled to room temperature, and 
ed. This the crystals, which formed quickly, were filtered with 
1an othe H suction. The product was recrystallized with 15-20 







ts. How. & cc, of hot solvent. Yields of nineteen to twenty-one 
Tange of s (sixty-five to seventy-one per cent.) were ob- 
more (6) § tained of a white, odorless product melting 80-81°. 





Without the column smaller yields were obtained due 
to the difficulty of removing the last of the acetic acid 
by crystallization. 

With the extraction method the yield is slightly greater 
than obtained by the usual method and the product is 
of at least equal purity. The chief advantages are, 
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dichloride requires about fifteen minutes, is more con- 
venient, gives a better recovery than the alcohol-ether 
method of Wagner (10), and yields a comparable 
product. 
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C. OTHER USES AND SUGGESTIONS 







_ Ethylene dichloride has been substituted successfully 
in this laboratory for ether as the extracting agent in 
the preparation of benzyl alcohol by the Cannizzaro 
reaction, in the preparation of phenetole from diethyl 
sulfate and phenol and in the preparation of p-cresol by 
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While there are certain reactions in which the sub- 
stitution cannot be made, chiefly those involving the 
reaction of a halide, many other experiments where 
halogenated solvents could be substituted for ethers will 
undoubtedly occur to the reader. One of the more 
complete recent references (1) on organic preparations 
contains more than one hundred reactions in which 
ethyl ether was used. In more than half of these it ap- 
pears that a halogenated solvent could be substituted 
with no loss in efficiency and in some cases, é. g., the 
extraction of the halogenated product in the Sandmeyer 
reaction, the use of a solvent such as ethylene dichloride 
should be more satisfactory. 


D. SUMMARY OF ADVANTAGES OF ETHYLENE 
DICHLORIDE 


Where it can be used, ethylene dichloride has these 
advantages: 


1. It is cheaper than ethers. 

2. For some materials it is a more efficient extracting 
agent than ether. 

3. It forms the lower layer with aqueous solutions 
thus simplifying many extractions. 

4. It can be easily and safely recovered where de- 
sired. 

5. It is less soluble in water than ethers. 

6. It greatly minimizes fire hazards. 





(5) DecErRING, E. F., J. Cuem. Epuc., 13, 494 (1936). 

(6) Wuirmorg, F. C., “Organic chemistry,”” D. Van Nostrand 
Co., Inc., New York City, 1937. 
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A SIMPLE CALORIMETER 


for STUDENT USE 


mixing, quickly and with the need of a minimum of 


technical skill. The construction of the apparatus is 
relatively simple, and its general principles should be 
apparent to the student upon inspection. 

To eliminate the awkward manipulations and un- 
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certain corrections for differences in temperature 
which are necessary when an external container is used 
for the second liquid, the calorimeter is provided with 
an internal container which keeps the two liquids in 
thermal contact. This internal container is in the 
form of a dump bucket which permits rapid mixing and 
thereby minimizes the correction for heat lost during 
mixing. For the sake of mechanical simplicity and to 
keep the apparatus readily portable, the external ther- 






























































FIGuRB 1 


mostat has been omitted. The calorimeter proper is 
supported in a large Dewar flask provided with an 
insulating cover. 

The detailed construction of the apparatus is in- 
dicated by Figure 1. The calorimeter proper consists 
of a metal can, A, equipped with a rotary stirrer, B, 
a tightly fitting cover, C, and an internal container or 
dump bucket, D. This bucket was designed to hold 
100 ml. and the can, exclusive of the bucket, 400 ml. 

The calorimeter used in the experiments which are 
reported here was made of silver plated copper. It 
would be preferable, however, to use one made of an 
inert metal, since silver plate does not have a very long 
life when subject to attack by acids and bases. To 
avoid electrolytic corrosion, it is, of course, necessary 
to have all parts which come in contact with the solu- 
tions made of the same metal. The calorimeter can 
rests oti small corks which are cemented to the inner wall 
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of the large Dewar flask. It can be easily removay 
for cleaning and drying. The dump bucket is in th 
form of a truncated hemisphere and is open on top, 
It is supported by two wire hinges hooked over smajj 
metal pegs which are fastened to the wall of the calp. 
rimeter. It is dumped by means of a thread, H, which 
is fastened to the outer edge of the bucket, at K, an 
passes through a small hole in the cover. The cover, 
F, of the Dewar is made of paraffined wood and has 
three holes drilled in it. The shaft 
and drive pulley, G, of the stirrer 
pass through one of these, a Beck- 
mann thermometer is supported in 
the second by means of a rubber 
collar, L, and the thread, H, slips 
through the third. For the sake of 
mechanical simplicity the stirrer 
shaft is supported by an oiled 
bearing which is fastened to the 
cover, C, of the can. The stirrer is 
driven by a small motor, equipped 
with a reducing gear. Both the 
stirring motor and the Dewar are 
fastened to a metal plate. The 
Beckmann thermometer slips into 
the can through a close fitting sleeve, 
M, which is fastened to the cover, 
C. The Beckmann thermometer, motor, and bed plate 
are not shown in the figure. 

The use of the calorimeter can be easily understood 
from the following outline of procedure for the deter- 
mination of the molar heat of neutralization. A 
known volume (about 400 ml.) of dilute acid is intro- 
duced into the can, A, and one fourth of this volume of 
a sodium hydroxide solution slightly more than four 
times as concentrated is pipetted into the bucket, D. 
The excess of base is used to minimize the effect of any 
carbonate present. Before being used both solutions 
should have stood in the laboratory long enough to 
have come (practically) to thermal equilibrium. The 
Beckmann thermometer is adjusted to indicate room 
temperature on the lower part of its scale. The ap- 
paratus is then assembled as is shown in Figure 1. 
The motor, which has a speed of about 300 R.P.M., is 
then started. The rate of stirring should be slow 
enough so that the resulting heating of the calorimeter 
and its contents is not greater than 0.002°C. per minute. 
The thermometer is read at regular (two-minute) 
intervals until the rate of cooling or heating becomes 
constant. This requires at least fifteen minutes. The 
temperature is then read at one-minute intervals for 
five minutes. At the end of the fifth minute the bucket 
is dumped to mix the solutions by pulling the thread, 
H. Since the apparent heat capacity is influenced 
slightly by the method of mixing, it is necessary t0 
follow the same procedure in all experiments. It has 
been determined empirically that satisfactory results 
may be obtained by raising and lowering the bucket 
ten times at five-second intervals. In this way the 
concentrations and temperatures of the solutions inside 
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and outside of the bucket are rendered practically 
jdentical in less than one minute. For at least five 
minutes more, the temperatures are recorded at one- 
At some time, the reading of the 
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ver small minute intervals. 
the calp. Beckmann thermometer should be compared to an 
H, which | accurate tenth degree thermometer. 





To compute the molar heat of the reaction it is neces- 
sary to know the heat capacity of the system and the 
number of equivalents of the substance present in the 
least amount. The heat capacities of the solutions 
can be computed from their volumes, densities, and 
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Concentration 












of NaOH Concentration of acid eC. AL°C 
0.906N 0.2503N HCl 24.19 2.111 
0.906N 0.2503N HCl 23.23 2.119 
0.906N 0.2503N HCl 23.05 2.120 
0.906N 0.2503N HCl 22.96 2.119 
0,906N 0.2503N HCl 22.79 2.125 
0.2106N 0.04985N HCl 25.23 0.508 
0,2106N 0.04985N HCl 24.68 0.511 
0.906N 0.1674N CH;COOH 25.70 1.698 
0,906N 0.2087N CH;COOH 25.48 2.114 
0,2106N 0.04174N CH;COOH 25.44 0.426 
0.2106N 0.04174N CH;COOH 25.29 0.427 
0,2106N 0.04174N CH;COOH 24,27 0.416 
1.060N 0.2505N C:Hs-COOH 25.11 2.544 
1.060N 0.2505N C:Hs-COOH 25.09 2.541 
1.060N 0.24384N CH:2Cl-COOH 24.95 2.696 
1.060N 0.2399N N NaHSO,. 24.78 2.695 
1,060N 0.2399N N NaHSO, 23.18 3.073 
1.060N 0.2399N N NaHSO, 22.59 3.070 








without significance. 
ments. 









TABLE 1 


A CoMPARISON OF STANDARD VALUES OF THE HEATS OF NEUTRALIZATION TO VALUES BASED UPON MEASUREMENTS WITH THE SIMPLE CALORIMETER 


* Since these values were used to determine the heat capacity of the calorimeter, the agreement between the observed and the standard values of AH is 
The values in the percentage difference column are departures from the mean and as such are a measure of the precision of the measure- 
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is introduced by this simplifying assumption is largely 
compensated for by the use of a value of the ‘‘water 
equivalent” which is based upon the same assumption. 
The corrected rise in temperature can be obtained from 
a plot of the readings of temperature and time. The 
points which precede the steep rise should lie on a 
straight line, and the initial temperature can be ob- 
tained by extrapolating this line to the time when the 
bucket was first dumped. The corrected final tempera- 
ture can be obtained by drawing a straight line through 
the final series of points and extrapolating back to the 


— AH cals. Per cent. 

(observed) 4 — AH calories (standard values) difference 
13,5732 13,744 — 44 (t° —20) = 13,569 (0.03)4 
13,601¢ = 13,602 (0.00)4 
13,6114 = 13,610 (0.00)¢ 
13,6184 = 13,614 (0.03)¢ 
13,6134 = 13,621 (—0.06)4 
13,510 13,725 — 50 (t° — 20) = 13,470 +0.37 
13,580 = 13,490 +0.67 
13,330 13,387 — 10 (t° — 20) = 13,374 —0.33 
13,332 = 13,356 —0.18 
13,230 13,560 — 60 (t? — 20) = 13,470 —1.81 
13,220 = 13,460 —1.81 
13,300 = 13,430 —0.89 
13,340 13,427 — 10 (t° — 20) = 13,376% (—0.27)> 
13,325 = 13,3765 (—0.38)5 
14,340 14,280° = 14,280 (—0.42)¢ 
14,335 — = 14,280 (-—0.39)¢ 
16,850 16,745 + 20 (1° — 18) = 16,830 +0.12 
16,815 = 16,815 +0.15 





¢In computing the standard values it has been assumed that the temperature coefficient for this reaction is the same as for the corresponding reaction 


- deter- with acetic acid. 

on. A ¢ The “standard values” are from Thomsen’s measurements which appear to have been made at about 18°C. 
inte 4 The pipet used in these experiments delivered 99.3 ml. instead of 100.0 ml 

» Intro- 








specific heats. While the heat capacity, or “water 
equivalent,’ of the calorimeter can be computed from 
the weights and specific heats of the materials of which 
it is made, it is more satisfactory to determine the 
“water equivalent” by calibrating the apparatus with 
areaction for which the molar heat is accurately known. 
The neutralization of hydrochloric acid with sodium 
















oe hydroxide is excellent for this purpose. This method 
wel of calibration has the advantage that it (partly) com- 
M, is | Pensates for systematic errors due to faulty calibration 
pen of the thermometer and volumetric glassware used and 
ree also largely eliminates the uncertainty in the ‘water 
ak equivalent” which would otherwise be introduced by 
ute) the effect of the rate of mixing.! 
onli Since the time of mixing is very short in these ex- 
The periments, it is sufficiently accurate to correct the rise 





in temperature for heat loss by a graphical method, 
assuming that the heat is liberated instantaneously 
the first time the bucket is dumped. Any error which 


1It should be realized that while this type of calorimeter is 
capable of yielding results which are as reproducible as the 
hermometer readings (about 0.1 per cent. when the temperature 
tise is 2°C.) it is not properly designed to give results of high 
absolute accuracy. (Cf. White, ‘‘The modern calorimeter,” 
The Chemical Catalog Co., Inc., New York City, 1928.) If 
the effect of the rate of mixing on the apparent “water equiva- 
lent” is not taken into account, the results while highly re- 
Producible may be in error by as much as one, or even two per cent. 

















time of mixing. Since thermal equilibrium is not 
established immediately and since there is a lag in the 
response of the Beckmann thermometer the first point 
or two, which correspond to measurements made directly 
after mixing, may not lie on the straight line and 
should be disregarded. Usually the points correspond- 
ing to the measurements preceding mixing lie on a 
straight line so accurately that if the bucket is dumped 
at the instant the last reading is made, this reading 
may be taken as the initial temperature of the reaction. 
If this is done, only the final temperatures need be 
plotted and a larger scale may be used conveniently. 

Table 1 gives the results of a number of experiments 
which were performed to test the calorimeter. The 
initial concentrations of base and of acid are given in 
the first two columns. The centigrade temperature 
at which the heat was determined is listed in the 
third, and the corrected rise in temperature in the fourth 
column. The observed molar heats of reaction (col- 
umn five) were calculated by means of the usual for- 
mula, 





* Ge +e te Ce 
ABly At 
_ Cu t+ Ce 
AH, ane NsVs At 


















290 


where NV, and Vz, are the normality and volume of the 
substance present in smallest amount (the acid in these 
experiments), A is the corrected rise in temperature, 
C4, Cz, and Cy are the heat capacities of acid, base, 
and salt solutions, respectively; C, is the heat capacity 
of the calorimeter, and the subscripts ¢ and ¢’ indicate 
the initial and final temperatures, respectively. A 
value of 31.0 cals. was used for Cy.2 This value was 
based upon five experiments performed with 0.25 N 
hydrochloric acid. 

In the performance of these experiments the usual 
analytical precautions were observed; calibrated glass- 
ware was used throughout, the base was ‘“‘carbonate 
free,’ and all dilutions were made with freshly boiled 
conductance water. 

The standard values for heats of reaction were taken 

2 This value is 5 cals. less than that calculated from the weights 
and specific heats of the components of the calorimeter (making 


allowance for the thermometer). For a discussion of this dis- 
crepancy see the preceding footnote. 
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from the literature (1-8), making allowance for th 
heats of dilution of the reactants and products. In th. 
case of chloracetic acid, the observed value of —14349 
cals. at 25°C. is probably as accurate as any available 


SUMMARY 


A relatively simple portable calorimeter, which js 
suitable for student determinations of heats of mixing, 
is described. This instrument can be operated quickly, 
requires relatively little manipulative skill, and yield 
results which under favorable conditions are reproduc. 
ible within 0.05 per cent. It is not designed to give 
results of high absolute accuracy, and should be used a 
a comparative instrument by calibrating with a rea. 
tion for which the molar heat evolution is known. 

A table is included of the results of a number of deter. 
minations of heats of neutralization, which were per. 
formed to test the calorimeter. These results are 
compared to standard values taken from the literature, 


REFERENCES 


(1) THomseEn, ‘“‘Thermochemistry,’’ Longmans, Green and Co., 
New York City, 1908. 

(2) “International Critical Tables,” McGraw-Hill Book Co., 
Inc., New York City, 1933. 

(3) RICHARDS AND RowkE, J. Am. Chem. Soc., 43, 779 (1921). 

4) RIcHARDS AND GuckER, tbid., 51, 723 (1929). 


5) RicHarps, Morr, AND HALE, tbid., 51, 729 (1929). 

6) LAMBERT AND GILLESPIE, 1tbid., 53, 2638 (1931). 

7) Bury anp Daviss, J. Chem. Soc., 1932, 2415. 

8) BrcHowsky AND Rossin, ‘“‘The thermochemistry of chemical 
substances,” Reinhold Publishing Corp., New York 
City, 1936. 
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proportion of time allotted to organic chemistry 
in beginning courses is gradually increasing. 
Time was when high-school and freshman courses con- 
tained no organic chemistry; it was assumed that the 


(ees teachers are generally aware that the 


students would take organic chemistry later on. It was 
presently realized, however, that the majority of stu- 
dents in beginning courses would never take any more 


* Presented before the Divisions of History of Chemistry and 
Chemical Education at the Midwest Regional Meeting of the 
A.C.S., Omaha, Nebraska, April 29—May 1, 1937. 


chemistry; also that organic chemistry is of just as 
much general importance, common interest, and cul- 
tural value as inorganic chemistry. Hence the gradual 
encroachment of organic chemistry into beginning 
courses. Textbooks which formerly contained five of 
ten pages of organic chemistry now devote from fifty to 
a hundred to that branch of the subject. The time will 
probably come when high-school and freshman courses 
will be divided about half and half between the two sub- 
jects. 

In the meantime, however, chemistry teachers are €x- 
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P for the iencing some difficulty in crowding in the organic 

In the subject matter without dropping any of the inorganic 
~ 14,34) topics or getting any increase in the amount of time 
Wailable available for chemistry. In the end, it will doubtless be 





necessary to reorganize the whole subject as “general 
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TABLE 1 


OUTLINE OF ORGANIC CHEMISTRY 





291 


“organic’”’ view of the whole field, as a single, closely 
inter-connected unit—not simply a chaotic mass of un- 
intelligible empirical formulas to be memorized. 

It includes a fairly representative range of the sub- 
stances in which the student is most likely to be inter- 
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Illuminating gas, Gas- ; H—C—OH afis( Ciekdg1O2)3 a 
oline, _Mineral and a" | 3 NaCuHaOs + CoHAOH)s 
hemical Lubricating oils, 2C,H.O — H.O = H 
> York Vaseline, Paraffin (C.H;),0 . Nitroglycerine 
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Acetylene 
CaC,; + H,O = 
HC:CH + Ca(OH). 









or 
Glycerol Tri- Nitrate 







II. Aromatic (R1inc) Compounps 
Hydrocarbons Chlorobenzene Phenol Benzaldehyde Benzoic Acid 
Benzene C,.H;Cl (““Carbolic acid,” some- CsHsCHO C.H,COOH 
Nitrobenzene what like alcohol) Salicylic Acid 
| CsHsNO; C,H,OH C,H,OH:COOH 
a a Like “T- (Aap venaes 
* N-T” Trinitro- rom this 
S ™ 1 toluene 
HC H CcH2CHs(NOz)s 
¥ Aminobenzene (Anilin) 
l CsHsNH:z (Dyes) 
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Naphthalene, CioHs 
Anthracene, CuHio 








chemistry,” to choose the most desirable topics from all 
branches of the subject. For the present, however, it 










; as 
oul seems necessary to compromise by trying to discover the 
ual neatest, most effective way of giving beginning students 
ing some intelligent idea of the scope and importance of the 
or organic field in a minimum of time. The outline here 
to presented is admittedly a provisional makeshift. It has 
rill been praised by many experienced high-school teachers 
es who attended the writer’s class in the teaching of ele- 
b- mentary chemistry as ‘‘just what they were looking 





for.” Its possible advantages, when competently pre- 


sented, may be suggested. 
It gives the student a comprehensive, integrated, 











ested, and shows their relationships with each other. 

It presents a skeleton outline which any teacher can 
amplify according to his own ideas, or the special needs 
of his class. 

It illustrates the chief ideas and nomenclature of 
organic chemistry which the student is likely to meet 
in intelligent general reading—organic synthesis 
through a series of reactions; substitution; homologous 
series; isomerism, and so forth. 

It builds up the system structurally from the simplest 
compounds. 

It can be completely presented in a relatively short 


time. 
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It is easy, of course, to criticize or ridicule this outline 
from various viewpoints. It can be (and has been!) 
called ‘‘organic chemistry on one page,’ “dilettante 
chemistry,’ ‘‘pseudo-chemistry,” “organic chemistry 
in half an hour,’ and so forth. The only reply is that 
it has been used by a number of teachers—hard-pressed 
for time—with results which they and their students 
deemed satisfactory and gratifying. 


NOTES ON PRESENTATION 


1. Point out the almost universal tetravalence of 
carbon and the unique power of carbon atoms to unite 
with each other to form ‘‘chain’’ and “‘ring’’ compounds. 

2. Classification of all important carbon compounds 
into “chain’’ (aliphatic) and “ring” (aromatic) com- 
pounds. 

3. Methane as the “‘great-grandfather”’ of all chain 
compounds. The paraffins as a typical homologous 
series. Common substances included in the paraffins. 
“Cracking,” and so forth. 

4. “Substitution” of chlorine for hydrogen in 
methane. Importance of this and analogous methods 
in organic “synthesis.” 

5. Further substitution of hydroxyl group for halo- 
gen. “Evolution” of organic compounds through a 
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series of substitution syntheses. General importang 
of the alcohols. 

6. Continuing substitution in organic synthesis 
‘‘Alcoholisdehydrogenatus,” intermediate step between 
alcohols and organic acids. 

7. Further synthesis by oxidation, forming organic 
acids. Importance of “fatty” acids. 

8. Simple sugars as polymers of formaldehyde 
probably synthesized by nature from formaldehyde, 
Higher sugars and polysaccharides as condensations of 
simple sugars, with loss of water. The reverse process 
of hydrolysis in nature and industry. 

9. Fats as esters (organic salts) of glycerol (an alco. 
hol) and fatty acids. Soaps as alkali salts of fatty 
acids. 

10. Amines are mentioned simply as an introduction 
to some knowledge of proteins. 

11. Ethers, unsaturated hydrocarbons, and nitro- 
glycerine may be included, or omitted, at the teacher’s 
discretion. 

12. Benzene derivatives are treated as parallel ana. 
logues to the paraffin derivatives. Many teachers will 
want to extend this part of the course somewhat. 

13. Most students enjoy learning a few ‘‘structural” 
formulas. 





PHOTOGRAPHY of 


CHEMI- 
LUMINESCENCE 


EVANS W. COTTMAN 


Madison, Indiana 


N THE May, 1937 issue of THIs JOURNAL the pres- 
ent writer named and described several substances 
which emit cold light upon proper oxidation. Since 
then a number of attempts have been made in our 
laboratory to photograph this chemiluminescence. 
The four photographs here presented are among our 
best. 
Chemiluminescent photography presents the follow- 
ing problems: 


Light production. 

Maintenance of the light. 

Selection and adjustment of camera. 
Selection of film. 

Length of exposure. 


oe or oF 


LIGHT PRODUCTION 


To produce chemiluminescence, the following sub- 
stances must be present in suitable concentration: 

(a) <A chemiluminescent compound.—This is usually 
some unsaturated ring compound, capable of emitting 
visible radiation upon disruption of the ring. 

(b) An oxidizing agent—Sodium hypochlorite, 
potassium ferricyanide, blood, and perchromic acid 
were found among the most satisfactory. 

(c) A peroxide—A three per cent. solution of 
hydrogen peroxide, diluted to the proper strength, 
may be used for most purposes. 

(dq) An alkali.—Either sodium hydroxide or potas 
sium hydroxide may be used. The degree of alkalinity 








JUNE 


requir 
used. 
(e) 


action 


Che 
long | 
soluti 
flash | 


CEN 
Lic! 
THE 
TIO} 
F, ( 


fore, 
dura 
This 
thro 
wher 
shov 
the 
troll 
tion 
tube 
outl 








CATION 
Dortance 


thesis, 
between 


Organic 
dehyde, 
dehyde, 


tions of 
Process 


in alco. 
f fatty 


luction 


nitro- 
acher’s 


el ana- 
TS will 


tural” 


June, 1939 


required, will depend upon what other solutions are 
used. 

(e) Proper solvent.—Some chemiluminescent re- 
actions require water medium; others, alcohol. 


MAINTENANCE OF THE LIGHT 


Chemiluminescence is of low intensity. Therefore, 
long photographic exposures are required. When the 
solutions described above, are poured together, the 
flash of light usually lasts only a few seconds. There- 
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FicuRE 1.—APPARATUS USED IN MAINTAINING LUMINES- 


cence. A, B, C, THE SOLUTIONS WHICH WILL PRODUCE 


Licht WHEN MIxED ToGETHER. D, BLock UPON WHICH 
THE CONTROLLING PincHcocKS ARE MounTepD. £, REAC- 
TION TUBE IN WHICH THE LUMINESCENCE WILL TAKE PLACE. 
F, OVERFLOW TUBE 


fore, in order to obtain the necessary exposure, the 
duration of this light must be indefinitely prolonged. 
This is accomplished by passing the various solutions 
through separate rubber tubes, into a reaction tube, 
where they mix, producing the luminescence. Figure 1 
shows a diagram of the apparatus. The rate at which 
the various solutions enter the reaction tube, £, is con- 
trolled by the pinchcocks shown at D. The used solu- 
tions pass from the reaction tube through the outlet 
tube, F. In some of the photographs the luminous 
outlet tube is plainly visible. 


SELECTION AND ADJUSTMENT OF CAMERA 


In order to reduce the necessary time for exposure, 
a camera having a very high-speed lens should be 
selected. In making the accompanying photographs, 
an Eastman Kodak Bantam Special was used. The 
lens of this camera has an aperture of f:2. The camera 
should be placed at a distance of from twenty-four to 
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thirty inches from the reaction tube, facing it directly. 
A portrait attachment lens (Eastman #5) is placed on 
the camera, and the camera is focused on the reaction 
tube, using a ground glass. The camera and reaction 
tube are then both clamped firmly in place, the film is 
inserted into the camera, and the room is darkened. 
After the apparatus is working smoothly, and a steady 
light is being emitted, the camera shutter is opened and 
the exposure is begun. 


SELECTION OF FILM 


A very high-speed film, particularly sensitive to the 
central portion of the visible spectrum, should be em- 





FiGuRE 2.—Licut EMITTED FROM URINE WHEN OXIDIZED 
BY BLoop 


ployed. In these experiments Eastman’s Super X 
film was used. It has been recommended that hyper- 
sensitization with mercury vapor might prove helpful 
in lessening the necessary exposure time. This has not 
been tried in any of these experiments, however. 


LENGTH OF EXPOSURE 


The required length of exposure may be determined 
roughly by the visibility of a watch dial, illuminated by 





FiGuRE 3.—LIGHT FROM LOPHINE 
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the light emitted from the reaction tube. First, the 
eyes are thoroughly adapted to the dark, and are then 
brought up to within six inches from the watch. If 
the light is so faint that one cannot tell time when the 
watch is held up next to the tube, the exposure should 
be something over fifteen hours. If the time is just 
visible when the watch is held one foot from the light 
and six inches from the eyes, the exposure should be 
from one to three hours. If the light is of sufficient 
intensity to enable the observer to tell time when the 
watch is three feet from the light, the exposure should be 
from seven to twenty minutes. These exposure lengths 


~~ ORT ae 


FiGuRE 4.—LIGHT FROM LUMINOL 


are given only for the experimental conditions de- 
scribed above. A camera of different aperture, or a 
different type of film would cause a change in the re- 
quired length of exposure. 


EXPERIMENTAL 


The accompanying photographs were taken under 
the following experimental conditions, all but Figure 5 
using the apparatus sketched in Figure 1. 

Figure 2 is a photograph of the light emitted by urine 
when oxidized by blood in alcoholic alkaline peroxide 
medium. The exposure was sixteen hours. Solution A 
was or2 part defibrinated cow blood to fifty parts water. 
Solution B was urine. Solution C was made by dis- 
solving 200 cc. of forty per cent. aqueous sodium 
hydroxide solution in 1800 cc. of methyl alcohol and 
adding 200 cc. of three per cent. hydrogen peroxide 
solution. This solution deteriorates rapidly and 
should be used immediately after making up. Such a 
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solution contains sufficient material to last about tm 
hours, but when it is about half gone the intensity g 
the luminescence in the reaction tube will begin to Wate, 
due to the decomposition of the peroxide. This can}, 
restored by adding another 100 cc. of the peroxide t 
Solution C. 

Figure 3 shows the light emitted when lophine j 
oxidized. The exposure was one hour and twenty 


Ficure 5.—LIGHT FROM CHEMGLO 


minutes. The light from lophine is yellow. Solution 
A was a one-half saturated solution of lophine in methyl 
alcohol. Solution B contained 200 cc. of three per cent. 
hydrogen peroxide in 1800 cc. of methyl alcohol. So- 
lution C was composed of 400 cc. of Clorox (sodium 
hypochlorite commercial cleaning fluid), 200 ce. of 
forty per cent. aqueous sodium hydroxide solution, 
and 1400 cc. of water. 

In Figure 4 is shown the light emitted from the oxida- 
tion of luminol (3-aminophthalhydrazide). The ex- 
posure time was fifteen minutes. The light is blue. 
Solution A was made by dissolving one gram of luminol 
in 160 cc. of five per cent. aqueous sodium hydroxide 
solution and diluting this to 2000 cc. Solution B con- 
tained 40 cc. of three per cent. hydrogen peroxide solu- 
tion diluted to 2000 cc. Solution C was a 1:10 mix 
ture of Clorox and water. 

Figure 5 is a photograph of the chemiluminescence 
emitted when chemglo was dissolved in a bow] of water. 
Chemglo is a dry powder preparation which emits 4 
greenish light when dissolved in water. The water was 
kept agitated and more chemglo was added, a spoonful 
at a time as needed, to keep the light at its maximum 
brilliance. This photograph was exposed ten minutes. 





The lesson to be derived from the whole y 
i 


and set in the new light of modern discovery an 


nvention. 


this strange history ts one which needs to be continually revived 


The lesson is simply that until men began to observe 


and interrogate Nature for the sake of learning her ways, and without concentrating their attention on the expectation 
of useful applications of such knowledge, little or no progress was made. In other words, until a sufficient founds 
tion of pure science has been successfully laid there can be no applied science. Real progress comes from the put 
suit of knowledge for its own sake-—SiR WILLIAM TILDEN 


















A simple, dependable method for the detection of oxygen 
in organic compounds is presented. The method consists 
of vaporizing the sample of organic compound and pass- 
ing the vapors through a bed of glowing charcoal, then 
through barium hydroxide solution. If the compound 1s 
oxygenated, the oxygen will be converted into carbon 
dioxide which is precipitated as barium carbonate upon 
coming in contact with barium hydroxide solution. 

The test has been tried out on two classes of students, 
none of whom had any previous experience in organic 
qualitative analysis. The average score on a series of ten 










lution § anknowns was eighty per cent. correct by the one group, 
ethyl § and on twenty-seven unknowns the other group scored 
‘cent, eighty-five per cent. 
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dium 

c. of N THE absence of a satisfactory qualitative test for 

ition, I oxygen in organic compounds it is customary to 
; assume its presence until its absence has been proved 

xida § by further examination of the chemical and physical 

> €- B properties of the compound under investigation. If 

blue. § the presence or absence of oxygen in a compound were 





definitely known, the task of identification would be 
much simplified, as fewer groups would have to be 
investigated. 

There is here presented a simple but dependable 
method for the detection of oxygen. No specialized 
equipment is required, the apparatus being constructed 
of material available in any chemical laboratory. The 










ter. method consists essentially of vaporizing the com- 
58 pound to be investigated, passing the vapors over glow- 
vas ing wood charcoal, and then through a saturated solu- 
ful tion of barium hydroxide. Any oxygen present will be 





converted by charcoal at this temperature to carbon 
dioxide which is precipitated as barium carbonate upon 
entering the barium hydroxide solution. 








APPARATUS 





The reaction tube for this determination is a 25-cm. 
length of 16-mm. Pyrex tubing closed at one end with 


mom 






* Present address: U.S. Department. of Agriculture, Wash- 


ington, D. C 












A QUALITATIVE TEST for 
OXYGEN in ORGANIC COMPOUNDS 


C. VERNE BOWEN, 
Washington and Jefferson College, Washington, Pennsylvania 


JAMES F. BOURLAND, ann ED. F. DEGERING 


Purdue University, Lafayette, Indiana 
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a No. 0 rubber stopper and at the other end with a No. 
00 one-hole stopper into which is fitted a delivery tube 
of 4-mm. tubing. The arm of this tube should be of suf- 
ficient length to extend to the bottom of a five-inch 
test-tube. A loose mass of coarse lumps of wood char- 
coal is held in place at a position about five centimeters 
from the exit end of the tube by two plugs of asbestos 


i: ne : HL 
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fiber. The sample and a scavenging agent are contained 
in two small combustion boats. 

For successful operation of this determination it is 
imperative that all apparatus be clean and absolutely 
dry. The sample must be free from water, and it is 
advisable to heat the charcoal before using to expel 
adsorbed oxygen and water vapor. 


PROCEDURE 


The apparatus is set up as shown in the figure. The 
bottom of the delivery tube is covered with a half- 
centimeter layer of heptane or toluene to prevent entry 
of air once the test has been started. About one gram 
of the unknown is placed in one of the combustion 
boats, and this boat pushed deep into the tube. A 
second boat is filled with about three milliliters of hep- 
tane or toluene and placed in the tube just behind the 
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sample. The mouth of the tube is closed tightly with 
a stopper. 

A low flame is applied below the boat containing the 
hydrocarbon. Its vapors drive the contained air from 
the tube, thus removing any oxygenated compounds 
from the system. When almost all of the scavenging 
agent has been volatilized, a second flame is placed 
under the charcoal, raising its temperature to a dull 
red heat. At this point ten milliliters of clear, satu- 
rated barium hydroxide solution is introduced into the 
test-tube. The inert hydrocarbon, which was covering 
the end of the delivery tube, will float on top of this 
solution, protecting it from contact with the air. 

The flame beneath the scavenging agent is now 
moved to a position below the boat containing the 
unknown, and sufficient heat applied to insure volatili- 
zation of the sample. As the vapors of the compound 
pass through the red-hot charcoal, decomposition takes 
place, any oxygen present being converted to carbon 
dioxide, which is identified as a heavy, flocculent 
precipitate of barium carbonate. It must here be 


noted that a tiny precipitate or slight cloudiness in 
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the solution does not indicate the presence of oxygen 
in the unknown. The cloudiness is generally due to 
incomplete purging or to traces of water in the sample, 

Because some organic chemicals will distill over to 
give precipitates in barium hydroxide solution, it js 
well to acidify the solution with dilute, sulfate-fre 
hydrochloric acid. Dissolution of the precipitate 
with evolution of tiny bubbles of gas indicates the pre. 
cipitate to be barium carbonate, while in general the 
organic precipitates will not dissolve in the acidified 
solution. 

This method of analysis has been tried out with 
excellent results in two classes of junior organic chem. 
istry students, none of whom had had any previous 
experience in organic qualitative analysis. On a 
series of ten compounds, the average score was eighty 
per cent. correct for the one group. The other group 
in another institution scored eighty-five per cent, 
correct on twenty-seven unknowns. The greatest 
number of mistakes was made on those compounds not 
containing oxygen, the presence of a cloudiness or 
slight precipitate in the barium hydroxide solution 
misleading the students to some extent. 





A DISCUSSION of the PROPOSAL for 
COOPERATIVE JUNIOR RESEARCH 


W. P. CORTELYOUt 


University of Iowa, Iowa City, Iowa 


AND 
E. HARTGE CORTELYOU 


William Penn College, Oskaloosa, Iowa 


UR presence in this meeting is a proof that the 
American Chemical Society realizes that its con- 
tinued existence is dependent upon the facility 

with which it can reproduce its kind. As educators it 
is our duty to recruit students for the chemical pro- 
fession and it is also our duty to teach them to look 
forward to making a real contribution to the advance- 
ment of the science, if not in the realm of pure research, 
at least by doing what they do just a little better than 
it was done before. Of course, the honorary and pro- 
fessional fraternities, in those institutions lucky enough 
to have them, make a valuable contribution to this 
problem, but their rewards often come too late to per- 
suade a student to choose chemistry as his career and 
few of them are designed particularly to encourage 
research, the life blood of our profession, as of all others. 


* Presented before the Division of Chemical Education at the 
ninety-third meeting of the A. C. S., Chapel Hill, N. C., April 14, 
1937. 

7 Present address: 
Georgia. 


Tubize Chatillon Corporation, Rome, 


Ordinary undergraduate courses as they are typically 
organized offer little chance for the student to become 
research-minded, and too often we have lost our keenest 
students to mathematics, physics, biology, and other 
allied sciences before they get as far as a senior or gradu- 
ate research problem. Furthermore, the typical senior 
research problem is too often of entirely local interest. 
As individuals most of us are powerless to do anything 
about this, especially in the smaller schools where we are 
overburdened with classes, and funds available for re- 
search are necessarily limited. 

Those of us who do try to assign research problems 
to our better undergraduate students find our way be- 
set with difficulties. Too often we have failed to realize 
that students should not be expected to go directly from 
no experience whatever with independent work to 4 
fairly complex problem. 

For want of better terms to distinguish between two 
kinds of original investigation we shall use ‘‘research” 
and “junior research.’”’ ‘Junior research’’ refers to 
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that kind of investigation in which well-worked-out 
technics are applied to the determination of unknown, 
but apparently definite, values. “‘Research”’ is used to 
label investigations in which new technics must be de- 
vised to solve the problem in hand and which gives an- 
gwers not so easily recognized. In the realm of “junior 
research” may be classified the determinations of such 
properties as specific gravity, melting point, boiling 
point, solubility, specific rotation, and any number of 
other physical constants. In the tabulations devoted 
to these constants the many blanks and continuous re- 
visions testify that the work in this field is by no means 
complete. Many of the determinations which come in 
this same classification are being done regularly in the 
more advanced undergraduate courses, but they are 
being done on artificial unknowns. Work of this sort, 
if done on real unknowns, is of just sufficient difficulty 
to intrigue the undergraduate student, but the thrill of 
solving these problems is not enough of a reward. 

In the eyes of the novelist and the scenario writer 
universities and research institutes are full of people who 
devote their lives to research purely and simply be- 
cause of the esthetic pleasure they receive from making 
discoveries. In real life, however, such people appear 
to be pretty rare. Far more often than not the real 
reward for such labors comes from the approval of one’s 
fellows which follows the publication of the results or 
the presentation of a paper at a Society meeting. Now 
if we grant that such approval has much to do with the 
stimulation of research on its highest levels, it is surely 
evident that it is even more necessary for the stimula- 
tion of research among those who are only beginning 
to do it in the simplest forms. 

However logical the conclusion may be, we find our- 
selves offering the successful undergraduate student 
the purely artificial reward of an A, which he has often 
already earned in class, because the simple problem 
suited to his abilities is not of sufficient merit to warrant 
a paper and under our present set-up will probably not 
be published, even anonymously, in the proper tables 
of such data. 

Our solution to this problem is the establishment of 
a central correlating committee, appointed and spon- 
sored by the American Chemical Society. Using 
problems submitted by interested chemists and teach- 
ers, this committee would assign the same problem to 
two or more interested students, independent of and 
unknown to each other. The committee would specify 
standard procedures for each type of problem and 
would, for each type of data, set up limits within which 
the results of the independent workers should check. 
A problem would be reassigned until satisfactory checks 
were obtained unless a series of unacceptable results 
convinced the committee that the problem was too 
difficult for the undergraduate, or that the standards 
should be revised in that particular case. If check re- 
sults on a problem were received from two or more 
workers the successful ones would be awarded a cer- 
tificate of acceptance, signed by the committee, which 
might read like this, ‘“The American Chemical Society is 
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pleased to accept the data on the temperature-solubility 
curve of lithium sulfite submitted by John Smith.” 

Obviously, it would be impossible for the committee 
to publish individual papers on each problem, but a 
summation of the accepted results could be published 
in some journal of the Society along with a mention of 
the names of the contributors. We believe that an 
organized effort of this sort would do much to persuade 
the brilliant but undecided undergraduate to choose 
chemistry as his profession. Without doubt it would 
supply the literature with much valuable data now miss- 
ing, and it should help those teachers who are troubled 
by the need of stimulating A and B grade students in 
courses necessarily designed for the C grade. 

Since we first discussed this plan others have pointed 
out additional benefits which we did not even think of 
in the beginning. Dr. Hopkins at the University of 
Illinois and Professor Adams of Illinois Normal Univer- 
sity both suggested that it has features that are encourag- 
ing to the professor of chemistry in the small college 
where little money and little time are available for re- 
search. No only could such a professor concentrate on 
accumulating apparatus suitable for one particular type 
of measurement, and thus decidedly expand his student 
research program, but he might even sharpen his own 
interest and skill in research by acquiring a few cer- 
tificates for himself. Rupert Kountz, a graduate student 
at the University of Iowa, has suggested that if the idea 
develops normally a university might expect candidates 
for graduate fellowships or assistantships to possess at 
least one or two junior research certificates. Thomas H. 
Vaughn, of the Michigan Alkali Company, has suggested 
that industry might also profit by and collaborate in this 
work. He proposes publication of a list of problems in a 
Society journal before they are assigned, with the idea 
that individuals and companies having this data in their 
files could submit it to the committee to be checked by 
independent workers. He feels that this would result 
in eliminating needless repetition and in the publication 
of a tremendous mass of hitherto unavailable data. 

All of this sounds like a great deal of work for the 
committee but it is obvious that committee organization 
would prove cumbersome in the routine correlating of 
data received, and that such work should be done by 
an executive secretary with the committee acting as an 
advisory board. If the plan should develop as we hope 
it will, the executive secretaryship would eventually 
become a full-time position, but in the beginning it 
could be provided for by furnishing funds for steno- 
graphic help to a university professor who is regularly 
employed. 

The mass of details we have given in this paper does 
not mean that we are satisfied with the plan as it now 
stands. Far from it. We merely feel that it is easier 
to agree or disagree with concrete statements than to 
theorize on abstract ideas. So with this paper in- 
tended as a point of departure rather than as a final 
structure or even a permanent foundation we hope that 
a workable plan for the furthering of coéperative junior 
research may be evolved. 
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KEEPING UP WITH CHEMISTRY 


New data on our phosphate reserves. P. MAYNARD. Chem. 
Industries, 44, 26-7 (Jan., 1939).—The Joint Committee of the 
Land Grant Colleges and the Department of Agriculture, as of 
October, 1936, indicated that in Florida, Tennessee, South 
Carolina, Kentucky, and Arkansas, there were phosphate reserves 
that would last the United States, based on the present output of 
the mines, just about two hundred years. There was also esti- 
mated between five and six million tons of phosphate rock in the 
Western states of Idaho, Utah, and Wyoming. 

These estimates made by the Government scientists were 
based only on data twenty-five years old. It was based only on 
very high-grade phosphate rock. Nobody knew better than these 
Government scientists themselves that these estimates of phos- 
phate tonnage did not represent our reserves as we view them 
today, because improvements in the beneficiation of low grade 
deposits now in commercial practice, such as oil flotation, separa- 
tion of the fines in the ‘hard rock”’ field of Florida by ‘‘tabling,”’ 
and demonstrations of the separation of phosphates from many 
impurities by electrostatic methods and the recovery of phos- 
phorus in the electric furnace, all proved very definitely that we 
should consider deposits that carry only as much as forty per 
cent. B P.L. as not only reserves for the future, but even suitable 
now. 

The writer brought to the attention of the Committee the 
possibility of locating additional mineable areas of high grade 
“hard rock,” by prospecting along the axes of the anticlines, 
since he had recently observed that the greatest tonnage and 
highest grade deposits were found in cavernous areas formed 
along the axes of the anticlines. 

The Government scientists advisory to the Committee were 
convinced that it was not necessary to limit the mining and ex- 
porting of phosphates in the United States. Aste. 

Lithium in glass and ceramics. E. Preston. Chem. Indus- 
tries, 44, 47-50 (Jan., 1939).—The importance and technical uses 
of the alkali metal, lithium, and its salts have increased manyfold 
during the last decade. This is at once apparent if current price 
lists of lithium minerals and chemicals are examined and com- 
pared with those of ten years ago. Lithium compounds are now 
largely used in ceramics for the production of more satisfactory 
glazes, in the enameling industry, in glass technology, and they 
have played a large part in the development of methods of arc 
welding and air-conditioning. It is the purpose of this article 
to outline the technology of lithium and its compounds. 

Metallic lithium is only of academic interest. It is the first 
member of the alkali group of metals, lithium, sodium, potassium, 
rubidium, and cesium, and is the lightest metal known. Its 
atomic weight is 6.94, while that of sodium is 22.997, and potas- 
sium 39.10. Many of the important effects of the addition of 
small amounts of lithium salts or minerals to other products are 
due to this simple fact that one pound of lithium is chemically 
equivalent to about 3.3 pounds of sodium, or about 5.5 pounds of 
potassium. 

A curious feature of many of the lithium salts, notably the 
carbonate, is that in their chemical behavior they tend to re- 
semble the salts of the alkaline earth metals, beryllium, mag- 
nesium, calcium, strontium, and barium, rather than the salts of 
the alkalies, sodium and potassium. It is by means of the 
different solubilities of the alkali salts that sodium and potassium 
compounds may be separated from lithium compounds. 

When additions of pure lithium salts are made to ceramic and 
glass-making batches, the carbonate is the form in which the 
lithium is usually introduced into the product. Lithium car- 
bonate melts at a much lower temperature than either sodium or 
potassium carbonate, and forms low-melting eutectics with each 
of these compounds. It is also more readily decomposed by heat 
than the other alkaline carbonates. The additions of one per cent. 
or so of lithium carbonate to dinnerware and sanitary ware glazes 


have been found beneficial in increasing the gloss, while in ele. 
trical porcelain it is of value in producing a glaze of high strength 
and resistance to weathering. 

An interesting use of lithium products in glass manufacture js 
the etching effect produced by the attack of molten lithiyn 
nitrate on glass. W*en molten lithium nitrate at 500°F,, o 
above, comes into ce’ ict with glass for a period of about four 
minutes, the result i. 4 pleasing etched appearance on the glass 
comparable to that obtained by fluoride frosting. O. J. Stewart 
and D. W. Young, among others, have shown that such immer. 
sion of a soda glass in LiNO; causes replacement of some of the 
sodium atoms in the glass by the lithium, and that the etching 
effect produced is due to an infinite number of minute cracks 
covering the glass surface. These cracks are so tiny that they 
have only a slight effect on the strength of the article. 

Glasses of high lithia content also possess greater transmission 
of ultra-violet light than those containing soda or potash, a 
property which could be utilized with advantage when the cost of 
working lithium-bearing minerals has been so reduced by modem 
methods of extraction and preparation te encourage their wider 
use and fuller exploitation of the many advantages which they are 
capable of conferring both in the ceramic and glass ear 

Crystal structure analysis in modern chemistry. R. C. 
Evans. Sch. Sct. Rev., 19, 481-8 (June, 1938).—One of the most 
important results of the X-ray investigation of crystal structure 
is the demonstration of the essential identity of ‘‘chemical’”’ and 
“‘physical’’ forces. Further study has shown that there are four 
essentially distinct kinds of interatomic linkage responsible for 
the coherence of different solids. 

1. The ionic bond.—It is characteristic of such a crystal as 
sodium chloride. Such crystals embrace most of the compounds 
of inorganic chemistry. In general they are hard, stable sub- 
stances of high melting point corresponding to the strong linkage 
of the electrostatic bond. i 

2. The homopolar bond.—The linkage is achieved by sharing 
rather than transfer of electrons. It is found in chlorine, and in 
the characteristic diamond structure. The number of such 
compounds is extremely small. 

3. The metallic bond.—This type of linkage is responsible for the 
coherence of metals. Here it is less easy to give a simple descrip- 
tion of the physical nature of the force, but the accepted picture 
of the metallic state is one in which the individual atoms lose their 
valence electrons, and the resulting positive ions are bound to- 
gether by a “‘gas of free electrons” which confers on metals their 
characteristic conductivity. 

4. The van der Waal bond. This force operates between all 
atoms and ions, but is feeble in comparison with the three former 
types of binding. It is of importance only when none of these 
forces is operative. It is responsible for the cohesion of the rare 
gases in the solid state, and the very small energy of therm 
agitation required to disrupt the bond in such cases indicates its 
weakness. By far the most important group of compounds is 
that in which discrete molecules exist in the crystal structure, 
strongly bound within themselves by homopolar bonds, but 
linked to each other by feeble van der Waal forces. Such struc- 
tures embrace a few inorganic compounds, and the whole of 
organic chemistry. Seven references. . We. 

A simple cracking experiment. L. Dorrmer. Z. physit. 
chem, Unterricht, 52, 17-21 (1939).—Three to five cubic cent 
meters of paraffin oil are placed in a thick-walled high melting 
point test-tube and covered with steel wool. The tube is fitted 
with a cork and a glass tube. The test-tube is suspended nearly 
horizontally and heated. The distillate formed can be ignited 
and the presence of unsaturated hydrocarbons in the distillate 
can be determined with bromine water. Various other expefl 
ments are described. L.8 
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Second Edition. 
x + 605 pp. 


John 


INDUSTRIAL CHEMISTRY. W. T. Read. 
14.5 


Wiley & Sons, Inc., New York City, 1938. 
23cm. $5.00. 

This second edition is certainly a worth-while revision and we 
want to compliment the author on the care and thoroughness 
shown. Chapter XXV, pertaining to synthetic drugs, dyes, and 
resins, has the largest amount of new material added, namely, 
eleven pages. This is understandable, due to the rapid progress 
in the last few years in this particular field, The second edition 
embraces twenty-nine more pages than the first but the new is 
represented by more than this increase, in that there has been a 
decrease of fifteen illustrations and the omission of certain ob- 
solete material. 

This book is one of the best arranged and most readable of the 
general surveys of industrial chemistry. In the preface of the 
first edition the author stated that this book was prepared for a 
yaried group of readers, 7. e., ‘‘students preparing for a career in 
chemical industry. . . students who do not expect to enter a chemi- 
cal field .. . teachers in chemistry in high school and college... 
business men..... This book is written with a view to meeting 
the needs of all these classes of readers, It is intended asa text- 
book and as collateral reading for students, and as a reference 
book for business men.’’ Because of this wide basis of readers the 
author has rightly added a considerable number of introductory 
and very excellent chapters on, for instance, ‘‘Relation of Chemis- 
try to Industry”; ‘‘Chemical Organizations”; ‘Chemical Eco- 
nomics” and ‘‘Unit Operations and Equipment.” In our mod- 
ern teaching of chemical engineering we devote two or three 
courses to the study of unit operations, having a textbook to cover 
this one section alone. This is also true of economics. Space 
has been taken for these subjects from the major part of the book 
pertaining to the study of the process industries. Because of 
thus addressing this book to such a wide audience, some of its 
value has been lessened for students who are specializing in 
chemical engineering or in applied chemistry, and who devote 
whole courses to certain subjects covered by only a chapter in this 
book. Consequently, while we cannot recommend this book for 
students in chemical engineering, or those who are going to 
specialize deeply in applied chemistry, we do think it is the best 
arranged and the most interesting book, with the most satisfac- 
tory illustrations, written for those wide groups in our arts col- 
leges and in our industries who wish to have an up-to-date general 
presentation of industrial chemistry. 








R. Norris SHREVE 


PurDuvE UNIVERSITY 
LaFayette, INDIANA 





Eugene P. Schoch and William A. Fel- 
Mc- 


ix + 


GENERAL CHEMISTRY. 
sing, Professors of Chemistry, The University of Texas. 
Graw-Hill Book Company, Inc., New York City, 1938. 
524 pp. 73 figs. 31 tables. 14 K 21cm. $3.25. 
This text which has been used for many years at the Univer- 

sity of Texas has now been made one of the famous “‘International 

Series.” The laboratory experiments are interspersed through- 

out the book. Theoretical physical chemistry is emphasized 

much more than in the usual elementary text of this length. De- 

Scriptive material is at a minimum. No pictures of famous 

chemists are included and likewise chemical history has been 

slighted. Under oxygen and hydrogen brief historical sketches 
are placed at the end of the discussion of these elements instead 
of at the beginning which is the usual position. Only one chap- 
ter of twenty-two pages is devoted to ‘Common Metallic Ele- 
ments” and in this Fe, Cu, Hg, Zn, and Pb are the ones honored. 

The book is truly different. In place of the usual chapter 
headed “Oxygen” we find “Energy Changes in Chemical Reac- 
tions Illustrated by Reactions Involving Oxygen.” Chapter 

IV is entitled “Simple Reactions of Metals and Acids; The 

Preparation and Properties of Hydrogen; Some Properties of 


RECENT BOOKS 
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In this the student is introduced to Raoult’s Law 
with delta T and its ramifications. The halogens are grouped in 
a very short chapter with nitrogen and phosphorus. Chapter 
XIV headed, ‘“‘The Actions and Uses of General Reagents for 
Solutions of Salts’ includes NaOH as a reagent, preparation of 
NaCl, purification of natural waters, ammonia as a reagent, mean- 
ing of the term pH; H,S asa reagent. The next chapter is de- 
voted entirely to a system of qualitative analysis and most of the 
remainder of the book, about one hundred fifty pages, covers 
electrolysis, E.M.F, batteries, and organic chemistry. 

While it is admitted that the time-honored sequence of ma- 
terial may be questioned, it is difficult to see the logic of the 
order and grouping used by the authors in many cases. For ex- 
ample, a chapter on molecular weights falls between colloids and 
the formation of salts. 

The experimental part consists in the main of well-chosen 
illustrations of the text material. For a complete laboratory 
course more experiments may be desired. Under the chapter on 
the gas laws only one experiment is given, and this is a demon- 
stration on diffusion, In the chapter on battery action five 
lecture experiments are described, but there is none for the 
individual to perform. 

In a text of five hundred pages the author has been compelled 
to leave out some of the subject matter that is in the usual eight- 
hundred page book. It is, in general, the purely inorganic ma- 
terial that has been omitted. The rare elements are not men- 
tioned, and very little space is devoted to the more common 
ones, The physical chemistry part of the general course is given 
a very thorough treatment. 


Solutions,” 


CHARLES E. WHITE 


UNIVERSITY OF MARYLAND 
CoLLeck PARK, MARYLAND 


ScIENCE IN GENERAL EDUCATION. Commission on Secondary 
School Curriculum, Progressive Education Association. D. 
Appleton-Century Co., Inc., New York City, 1938. xiii + 
591 pp. 14 K 22cm. $3.00. 

This book is a report of the Committee on the Function of 
Science in General Education. It is intended to give sug- 
gestions to science teachers for the rethinking of science education 
with the immediate purpose of improving science teaching and 
with the ultimate purpose of reorganizing the entire science pro- 
gram along the lines of the philosophy of the Progressive Edu- 
cation Association. 

“Part I makes explicit a basic point of view on the purpose of 
general education in a democracy and the function of science 
teaching in relation to it.” The point of departure is essen- 
tially that the individual in his internal activities and in his 
interaction with his environment develops needs which take the 
form of ‘‘tensions’’ within the organism. The Committee pro- 
poses that ‘‘ the purpose of general education is to meet the needs 
of individuals in the basic aspects of living in such a way as to 
promote the fullest possible realization of personal potentialities 
and the most effective participation in a democratic society. 

“Part II details a corresponding analysis of the réle of science 
teaching in providing experiences—in personal living, in im- 
mediate personal-social relationships, in social-civic relationships, 
and in economic relationships—that are conducive to personal 
growth and effective social participation in a democracy.” The 
Committee hastens to assure the reader that it holds no brief for 
this classification. Then it proceeds to discuss the various 
needs in each of these areas, (e. g., ‘need for personal health,” 
“‘need for a satisfying [sic] world picture and a workable philoso- 
phy of life,” ‘‘need for wise selection and use of goods and ser- 
vices”), and to suggest procedures by which the science program 
may contribute to meet these needs. The discussion of the needs 
is very extensive and involved, but it is apparently not meant 
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to be exhaustive. The suggestions are by way of illustration 
rather than positive recommendations. 

“Part III treats of the individual student—understanding him 
and dealing with him as a unique personality, and evaluating his 
progress toward an ever-increasing personal adequacy and social 
effectiveness.” The first chapter of this part is essentially a 
brief treatment of the psychology of the adolescent, and has no 
direct bearing upon science teaching in particular. The second 
chapter discusses various attempts of evaluation, and contains 
many examples of tests designed to evaluate the ‘‘intangibles” 
of education, such as ‘“‘reflective thinking,” and ‘‘ability to dis- 
cover and define problems.” This type of tests has many pos- 
sibilities, although the examples given in the book can be con- 
sidered only as experimental pioneer work. The critical teacher 
will want evidence for their validity and their reliability. 

“Part IV outlines some suggestions of how the teacher may 
make use of the report of the Committee in meeting students’ 
needs, in understanding the student, in reorganizing courses, and 
in building source units.’”’” The suggestions are, on the whole, 
sane and should prove of value to teachers. 

“The Appendices describe some concrete examples of science 
teaching, each of which is illustrative of one or more aspects of 
the various proposals and suggestions of the previous text.” It 
consists of an outline of a course in functional chemistry, a fused 
physical-science course, a unit on public health, and a source unit 
in genetics. 

The appeal of the book depends a good deal upon whether the 
teacher accepts both the philosophy and the methodology of the 
Progressive Education Association. In the experience of the 
reviewer, most teachers, while they are willing to accept the 
basic point of view, are not convinced that the methodology is 
the correct one, or at least that it has been developed sufficiently to 
warrant discarding the present logical organization of the courses 
in its favor. This book does little to dispel such skepticism. 
It has not been demonstrated that the newer technics achieve 
the desired results, and even a casual examination reveals lack of 
consistency of methods and immediate purposes. In nearly every 
case the word “‘science”’ should be modified as ‘‘applied science,”’ 
or be replaced by the word “‘technology.” Nor can the lack of 
unifying logic be defended entirely on the basis of difference of 
needs in different groups, in a country in which a dominant 
characteristic is intermigration, both geographical and among 
the various social, cultural, and economic groups. 

Nevertheless, the eclectic teacher will find many valuable 
suggestions, which will aid him to become socially conscious 
and critical of his subject matter and his methods of instruction. 
The comprehensive bibliographies at the end of each chapter 
should also prove of value. It is hoped that in succeeding edi- 
tions the newer technics will be critically evaluated,and a con- 
sistent methodology be developed and clearly presented. 

THEODORE A. ASHFORD 


THE UNIVERSITY OF CHICAGO 
Cuicaco, [LLINOIS 


LABORATORY MANUAL OF ORGANIC CHEMISTRY. Harry L. 
Fisher, Research Chemist, U. S. Industrial Alcohol Company, 
Stamford, Connecticut. Fourth edition. John Wiley and 
Sons, Inc., New York City, 1938. xvii + 412 pp. 14 X 22 
cm. $2.75. 

The substantial popularity of this laboratory manual, which 
has carried it through four editions, is a testimonial of its excel- 
lence. In the present revision the author has incorporated new 
reactions in order that the student may benefit by recent develop- 
ments. References to current literature have been inserted and 
minor changes incorporated in certain of the procedures. 

In Part I, seventy-seven preparations and reactions are de- 
scribed which offer the teacher of laboratory work in organic 
chemistry an excellent list from which to choose. These experi- 
ments are well distributed; six experiments are concerned with 
general procedures, thirty-eight with syntheses and reactions 
essentially aliphatic in character and thirty-three with aromatic 
and heterocyclic compounds. The manual is adaptable to a full 
year’s course or to a one-semester short course by selecting suit- 
able experiments suggested in the preface. 


JOURNAL OF CHEMICAL Epucarioy 


Alternative procedures for preparing certain compounds are 
given and fourteen new procedures added. These are:— 4, 
butyl nitrite, diazoaminobenzene, aminoazobenzene, dimethyl. 
glyoxime, 1,5-diphenylthiocarbazone (‘‘dithizone’’), tetramethy). 
diaminodiphenylmethane, p-(a,a,y,y-tetramethylbutyl)-phenol 
o-benzylbenzoic acid and its conversion to anthraquinone, furoje 
acid and furfuryl alcohol, copper phthalocyanine (Monastraj 
Blue), dichlorodifluoromethane, Tyrian purple, and the Diels. 
Alder reaction—illustrated by the addition of maleic anhydride 
to anthracene. The combination of these new experiments with 
those in previous editions gives a well rounded up-to-date manual, 
The directions are clearly written and provide specific instructions 
for the laboratory work. 

Part II of the manual describes macro procedures for the deter. 
mination of carbon and hydrogen by the combustion method, 
nitrogen by the Damus methods, and halogens, sulfur, and phos. 
phorus by the Carius and sodium peroxide methods. This por. 
tion of the book is essentially unchanged but the author has in. 
serted references to recent literature. It is to be hoped that ing 
future edition the author will supplement these macro analytical 
procedures by the less expensive, time-saving semimicro 
methods. 

The book is carefully edited and well printed. It can be recom. 
mended to both students and teachers. 

R. L. SHRINER 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


ERGEBNISSE DER ENZYMFORSCHUNG, Volume 7, Edited by 
F, F. Nord and R. Weidenhagen. Akademische Verlagsgesell- 
schaft, M. B. H., Leipzig, 19388. xiv + 4387 pp. 24 X 16cm. 
RM 34. 

This is an annual publication devoted to the presentation of 
critical reviews in the field of enzyme research. The following 
table of contents is typical of any of the seven volumes of the 
“Ergebnisse” so far published and is indicative of the immense 
scope that this journal covers: 

“The theory of absolute reaction rates applied to enzyme 
catalysis,’’ by Allen E. Stern (in English); ‘‘Lyo- and desmo 
enzymes,” by E. Bamann and W. Salzer (in German); “Sul- 
fatases,” by Cl. Fromageot (in French); “Emulsion,” by B. 
Helferich (in German); ‘‘Nucleases,” by H. Bredereck (in 
German; ‘Crystalline carboxypeptidase,’ by M. L. Anson (in 
English); ‘‘Enzymes in the tanning industry,” by F. Schneider 
(in German); ‘‘Dehydrogenase research of recent years,” by T. 
Thunberg (in German); ‘‘Chemical structure of enzymes,” by 
O. Warburg (in German); ‘‘Biochemistry of acetic acid bacteria,” 
by K. Bernhauer (in German); “Immunchemistry and its rela- 
tion to enzymes,” by J. Marrack (in English); ‘“The interaction of 
ascorbic acid (vitamin C) with enzymes,” by H. Tauber (in 
English); ‘‘Certain aspects of the biochemistry of the lower 
fungi (“‘moulds’’),” by H. Raistrick (in English); ‘Enzymatic 
adaptation by microérganisms,’’ by K. Karstrém (in German); 
“Katalysis and determinismus,” by A. Mittasch (in German). 

Since the appearance of Volume 1 in 1932, the ERGEBNISSE DER 
ENZYMFORSCHUNG has become an indispensable ‘‘Nachschlage- 
werk” to those interested in enzymology. The editors, Dr. Nord 
and Dr. Weidenhagen, are to be congratulated for collecting 
these important papers. 

HENRY TAUBER 


JOHNSON SUTURE CORPORATION 
Cuicaco, ILLINOIS 


ORGANIC AND Bro-CuemistrRY. R.H.A.Plimmer. Sixth edition. 
Longmans, Green and Co., New York City, 1938. x + 62 
pp. 15 X 25cm. $7.50. 


THe Macic WAND oF ScIENCE. Eugene W. Nelson. E. P. 
Dutton and Co., Inc., New York City, 1938. 213 pp. 12.5 X 
19cm. $2.00. 


THE STANDARDIZATION OF VOLUMETRIC SoLuTions. R. B. Brad- 
street. Chemical Publishing Co. of New York, Inc., New York 
City, 19388. 126 pp. 13.5 X 20.5 cm. .00. 
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FRITZ A. PANETH (1887- __) 


Early in 1939 the chemistry department of the University of 
Durham welcomed a new head. Fritz Paneth was born at Vienna 
on August 31, 1887. He entered the University of Munich in 
1906, returned to Vienna for his Ph.D. (1910) and continued his 
training in his native city as assistant at the Institut fiir Radium 
Forschung. In 1913 he went to Great Britain, and worked as 
Research Scholar in the laboratories at Glasgow and Manchester. 
Returning home, he was Privatdozent in inorganic chemistry 
from 1915 to 1919; he then transferred from Vienna to the 
German Technical Institute at Prague, but later that same year 
went to Hamburg in charge of analytical chemistry. In 1922 he 
was called to Berlin as Associate Professor in inorganic chemistry, 
and built up. so fine a reputation that in 1929 he was asked to 
become Ordinarius at Kénigsberg, a rather unusual occurrence 
in Germany where, usually, organic chemists only are considered 
worthy of heading departments. In 1933 Professor Paneth 
emigrated to England, where he became consultant to the Im- 
perial Chemical Industries, and directed graduate students at the 


Imperial College. In 1938 he was appointed Reader in Atomic 
Chemistry in the University of London, but within several 
months was appointed to his present position at Durham. 

From his pen and laboratory has come an impressive stream of 
contributions to the periodicals. The chief section headings of 
his collected papers would be; radioactivity, adsorption, volatile 
hydrides, meteorites, composition of the stratosphere, and chemi- 
cal detection of artificial transmutation. He has also written 
on the history of chemistry and on the philosophical back- 
ground of this science. 

Professor Paneth was Baker Lecturer at Cornell in 1926, and 
the permanent record of this honor is his ““Radioelements as In- 
dicators” (1928). Together with George von Hevesy he issued 
a “Manual of Radioactivity” (second edition, 1938). e was 
elected Foreign Honorary Member of the American Academy 
of Arts and Sciences in 1933, and was chosen Liversidge Lecturer 
by the Chemical Society (London) in 1936. 

(Contributed by R. E. Oesper, University of Cincinnati) 
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MARCUS AURELIUS APPEARS AGAIN—BY 
REQUEST. A number of our readers asked us to 
devote another editorial page to the writings of the 
author who substituted for the Editor in an earlier 
issue. 


‘‘Wear not out what life may still be left thee in taking thought 
of others, save only when thy goal is the common good. For 
why neglect thy proper duty in marvelling what this man is 
doing, and why; what he is saying, thinking, and devising; 
and in all the vain imaginings that divert us from the observa- 
tion of the guiding principle within. Rather, thy duty is to 
shun all that is idle and vain in the series of thy thoughts, 
and, chief of all, curiosity and malignity, and to train thyself 
till every thought be such that, were a man suddenly to ask, 
‘What thinkest thou?’ thou couldst answer, without delay and 
without concealment, ‘This or that,’ and make it sun-clear 
that all in thee is simplicity and kindliness, as befits a member 
of the community of living creatures—one who cares not for 
thought of pleasure or the life of enjoyment in general, who has 
no part in contentiousness, envy, or suspicion, or aught else 
that might raise a blush, wert thou to confess thou harbouredst 
it in thy soul. 

‘For such a man, who never postpones his struggle to reach the 
highest, is a priest and servant of the gods, and he uses well the 
divinity within, that preserves man unsullied by pleasure; 
unwearied by pain; untouched by insolence; insensible of evil; 
a wrestler in the greatest contest of all, never to be overthrown 
by passion; deep-dyed in justice; welcoming with all his heart 
every dispensation; and never, save under great constraint and 
for the sake of the common welfare, heeding word, deed, or 
thought in others. For he is intent on performing his own 
a 

“Let thy actions be neither involuntary nor selfish, neither 
unreflecting nor reluctant. Strive not to embellish thy thoughts 
with elegance of diction, but be plain spoken and plain deal- 
ing.... Beof cheerful countenance, and let thy mind require no 
service from without, and stand in no neea of the peace that lies in 
the gift of others. Ina word, be right, not set to right.... 

“Never set a value on anything, through thought it shall 
advantage thee, if it will compel thee to betray thy trust, to 
desert thy self-respect, to cherish hatred or suspicion, to call 
down curses, to play the hypocrite. ... For the man who has 
chosen before all to serve his reason . . . is no tragic mime; he 
heaves no sighs, seeks no isolation, and craves no companion- 
crowd. Chief of all, he will live his life neither pursuing death 


nor fleeing from it.... Should it be his doom to pass away 
on the instant he will depart with alacrity, as one who has but 
another task set before him that may be performed decently and 
becomingly, his only care throughout life being to allow his 
mind to stray into naught that is alien to a rational being and a 
member of the great communion. 

“In the mind of a man who has been chastened and purified, 
thou wilt find no festering wounds, no uncleanness, no treacher- 
ous sores. .. . In such a man, moreover, there is nothing servile 
and nothing affected: he is neither bound up with others nor 
altogether divorced from them; nor in his conduct is there 
aught that need fear scrutiny or hide itself from the light of day, 

“Reverence the faculty which governs opinion. In this is 
situate absolute power to refuse admittance into the guiding 
faculty of reason to any opinion that is in discord with the 
nature or the constitution of a rational being; and in its gift is 
caution in judgment [and] intimacy with man.... : 

“Then cast from thee all things else, and hold fast to these few, 
And remember that no one lives more than this infinitesimal 
point of time, the present: the rest of his days are either lived 
out or hidden from him. Thus the life of man is a little thing; 
and a little thing is the most enduring renown. For it passes 
from mouth to mouth, from one poor mortal to another, all of 
whom are racing towards death, and none of whom know them- 
selves—far less one who died in a far-off day. 

“«... There is nothing that tends so much to produce great- 
ness of mind as a methodical and conscientious investigation of 
the objects that fall under our notice in life, in conjunction with 
the habit of regarding them in such a light as will, at the same 
time, illustrate the function of each in the universe, and the 
nature of that universe; its value in relation to the sum of 
things, and to man as a citizen of that highest state wherein all 
others are, so to say, families;—such a light as will make it clear 
what this object which is, at this time, producing this impression 
in my mind really is; what are its component parts; what its 
natural duration, and what the virtue it challenges—meekness, 
courage, truthfulness, faithfulness, simplicity, self-sufficiency, 
or the like. ... 

“If thou do the work set before thee, following in the steps of 
right reason zealously, strenuously, and cheerfully, distracted 
by no side issues, but preserving the divine part of thee erect and 
unsullied, as a loan that may have to be returned at a moment’s 
notice—if thou adhere to this, awaiting nothing else and fearing 
nothing, but content with the natural activity which is thine now, 
and with the fair tide of truth in every speech and every word, 
then will thy days be happy; nor lives there any man that can 
impede this consummation.” 
































Away 
3 but 
rand 
fr. 0 CHEMICAL invention has affected the course 
"a N of history more profoundly than the discovery of 
fied, gunpowder, yet chemical historians can discuss 
‘her- this topic in general terms only. ‘“‘It is probably quite 
rvile incorrect to speak of the discovery of gunpowder. From 
Pe modern researches it seems more likely and more just to 
ere ; ° ° 
day, think of it as a thing that has developed, passing through 
$ is many stages, mainly of improvement, but some un- 
ling doubtedly retrograde.’”’ There really is not sufficient 
hy slid evidence on which to pin down its invention to one 
man. The honor, however, has been associated with 
ew. two names in particular, Berthold Schwarz, a German 
mal monk, and Friar Roger Bacon. Of the former, Oscar 
ved Guttmann writes (Monumenta pulveris pyrii, 1904, p. 
ws 6), “Berthold Schwarz was generally considered to 
of be the inventor of gunpowder, and only in England has 
m- Roger Bacon’s claim been upheld, though there are 
English writers who have pleaded in favor of Schwarz. 
“ Most writers are agreed that Schwarz invented the 
ith first firearms, and as nothing was known of an in- 
me ventor of gunpowder, it was perhaps justifiable to give 
he Schwarz the credit thereof.”’! 
of No contemporary documents or accounts dealing 
. with Schwarz? are known, those who contend that he 
ni never existed may be correct, but at least tradition, 
ts which usually has an historical basis, justifies the 
8, monument to his memory at Freiburg. The most 
ys exhaustive study of the Schwarz question is that of 
of Hansjakob* who, after a critical review, was convinced 
d that a Franciscan monk, Constantin Anklitzen, later 
d known as Berthold Schwarz, discovered gunpowder 





and invented firearms at Freiburg about 1250. There 
isno need to present here the minutiae of the reasoning 
by which he arrived at these conclusions, but some of 
the evidence he adduces is of sufficient general interest 
to be given wider circulation. 

The monument gives 1354 as the date of the inven- 
tion; this cannot be correct as there are authentic 
records of gunpowder and firearms in the first half of 
the fourteenth century.‘ Hansjakob, however, ac- 
cepted the verdict of Temler that guns and powder 
were not used in the modern sense in Europe until 














' “Encyclopedia Britannica,’ 11th ed., Encyclopedia Britan- 
nica Co, New York City, 1910; article ‘‘Gunpowder.” 

* The spelling Schwartz is not used now by the Germans. 

*HANSJAKOB, HEINRICH, “Der schwarze Berthold. Der 
Erfinder des Schiesspulvers und der Feuerwaffen. Eine kri- 
tische Untersuchung.” 91 pp. Herder’sche Buchhandlung, 
Freiburg im Breisgau, 1891. This is out of print; it could not 
be located in United States; after considerable difficulty a copy 
was found in Germany. 

‘1324, Metz; 1326, Florence; 1338, Paris; 1342, Aachen. 
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He believed that in the accounts of 
early battles and sieges, written long after the events, 
the writers applied the terms cannon and bombards, 
with which they were familiar, to mechanical engines 


about 1360.5 


of war, such as catapults and ballistae. Gunpowder 
in warfare was used at first to frighten the enemy and 
for incendiary purposes; the development of a device 
in which this explosive combustible could be used for 











BERTHOLD SCHWARZ MEMORIAL, FREIBURG I. BR., GERMANY 


propelling missiles might well have consumed the 
greater part of a century or more. The manufacture 


5 The earliest record of the actual use of cannon in Germany 
is 1865. See LocKEMANN, G., ‘“‘Die Burg Salzderhelden’’ (pri- 
vately printed) 1916. He cites RATHGEN, B., ‘“‘Das Geschiitz im 
Mittelalter,” Berlin, 1928, who gives 1321 as the date of the first 
use of firearms in warfare. 
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of practical guns required considerable engineering skill, 
and their development to the stage of artillery that was 
not more dangerous to the user than to the target could 
never have been accomplished between 1354 and the 
period when firearms came into quite general use. 








PREPARATION FOR THE EXPERIMENT 


Hansjakob rests his case for 1250 principally on three 
facts. (1) A deed drawn up at St. Martin’s Church 
in Freiburg in 1245 was witnessed by a Magister Ber- 
thold. This title indicates a man of learning who may 
well have been acquainted with chemicals. (2) A 
drinking song written before or at the completion of 
the spire of the Freiburg cathedral in 1296 mentions 











THE EXPLOSION THAT WAS HEARD AROUND THE WORLD 


“shooting from a gun.” (3) The earliest known 
printed reference to Berthold’s invention was that of 
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Hemmerlin (1359-1464) who wrote, “From the writin 
it may be seen that the invention came to light for the 
first time within two hundred years.” Hansjakoh 
takes this as proof that the inventor could have been 
alive in 1250. Aventinus (1466-1534), on the othe 
hand, who believed that Hemmerlin wrote in 1454 
took the mean of the “two hundred years’ and 
arrived at 1354° the date accepted by the sponsors 





Z, INVENTEVR. 








BERTHOLD SCHWARZ, INVENTOR OF FIREARMS 
André Thevet, ‘‘Poriraits et vies des hommes illustres,’’ Paris, 


of the statue erected on the five hundredth anniversary, 
1. €., 1853. 

The name Berthold Schwarz had a rather interesting 
development. Most of the chroniclers agree that the 
inventor was Constantin Anklitzen, who took the 
monastic name Berthold. To his neighbors, both lay 
and clerical, his chemical endeavors were black magic, 
and in the early chronicles he was dubbed Bertholdus 
niger. Later this was changed to Bertholdus Niger, 
so that, in German, der schwarze Berthold became 
Berthold Schwarz.’ 


The birthplace of the inventor or the scene of the 
invention has been placed in no less than six other 
cities: Cologne, Goslar, Dortmund, Mainz, Nurem- 


6 Felicis Malleoli vulgo Hemmerlin . . . de nobilitate et rustici- 
tate dialogus. AVENTINUS (Johannes Thurmayr aus Abensberg) 
Annales Bojorum. 

7 Hansjakob holds Aventinus responsible for this error also. 
He points out that it would be just as silly to change Albertus 
Magnus to Albert Gross. 
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berg, Prague. There is now agreement that only 
Freiburg, if any, has valid claims, but this imposing 
list serves to emphasize how the chroniclers have let 
their imaginations run riot on this subject. 

Tradition is always more than ready to fill the gaps 
in recorded history; there are numerous fanciful ac- 
counts of the genesis of the invention. According to 
the earliest version® the ‘‘Master, niger Berchtoldus, 
a Nygermanticus,” was seeking to prepare a tincture 
(pigment) for gilding metals. He heated saltpeter, 
sulfur, lead, and oil in a well-closed copper pot; the 
resultant explosion led him to try again on a greater 
scale. Encouraged, he substituted charcoal for the 
lead and oil, had a cylindrical box cast, and tried 
whether he could project a stone. Hemmerlin states 
that he was trying to fix quicksilver so that it could be 
worked like silver. Seeking first to kill its spirit, he 
heated it, because fire and spirit are antagonistic, and 
the spirit flies away in the smoke when a metal is 
brought too close to the fire. However, the spirit of 
mercury could not be extinguished by fire and Berthold 
then tried another procedure. He knew fiery sulfur 
and frigid saltpeter are hostile to each other, so why 
not subject the mercury to the heat of the battle 
between these natural enemies? The three were 
sealed in a stout vessel, put over the fire, and the vessel 
was shattered with a terrific noise. He then used 
Stronger vessels, bound with iron, the walls of the 
laboratory were blown to pieces. His inventive mind 


_— 


*A Freiburg manuscript of 1432 dealing with fireworks. 


MAKING GUNPOWDER 
Goya, Madrid, Palacio Real 




















carried this chance observation into @ practical form, 
and improved day by day, the gun at last surpassed 
all other instruments of warfare. Another version tells 
that he was concocting a medicament and heated 
together oil, sulfur, and saltpeter. The oil caught 
fire and the cover flew into the air. A variant of this 
tale is that he was grinding the mixture and a spark 
flew into the mortar. A deafening roar followed, the 
pestle was blown out of his hand. 

Was the invention purely accidental or was it the 
consequence of purposeful experimentation? Some 
will have it that Berthold followed a plan when he 
pried into ‘Nature’s secrets. He had made a deep 
study of philosophy and had learned that two bodies 
cannot simultaneously occupy the same space, and 
that the lighter elements, fire and air, occupy more 
space than the heavier earth and water. Nature will 
not tolerate space void of all corporeal matter, and so 
everything composed of the four elements must even- 
tually be resolved into fire. A mixture of pulverized 
sulfur and saltpeter exposed to fire in a closed pot, 
exploded with the production of smoke and flame. 
Encouraged by this realization of his expectations he 
went on, added charcoal to the mixture, and set it off 
in holes in tree trunks and stones. These successful 
blastings led logically to the construction of wooden 
and then metal guns. 

Why are there no contemporary records of Berthold 
and his achievement? If he is a purely legendary 





® The records of the Franciscan chapter in Freiburg were 
destroyed or scattered before the Reformation. 
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inventor the answer is obvious. However, history may 
have taken no interest in his doings because guns were 
said to be execrable inventions and their employment 
(except against the unbelievers) was decried as de- 
structive of manly valor and unworthy of an honorable 
warrior. Berthold was reputed to have compounded 
powder with Satan’s blessing, and the clergy preached 
that as a co-worker of the Evil One he was a renegade 
to his profession and his name should be forgotten. 
There is a tradition that he was imprisoned by his 
fellow-monks, and some say he made his diabolic in- 
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vention while in prison. According to another legend, 
Berthold blew himself up while demonstrating the 
power of his discovery; another states that he was 
executed. 

The lovers of fine points may argue over Berthold’s 
existence, but it can be historically established that 
Freiburg in the fourteenth and fifteenth centuries was 
a flourishing center for the casting of cannon and the 
training of gunners. What, then, could be more fitting 
than the interesting statue to the inventor-monk. 
chemist in the square before the Freiburg town hall? 





GERMAN INSTRUCTION from a 
CHEMICAL VIEWPOINT 


JOHN T. FOTOS, R. NORRIS SHREVE, anv J. L. BRAY 


Purdue University, Lafayette, Indiana 


I; MOST of pur universities the groups of students 


interested in the chemical sciences and their ap- 

plication have become sufficiently large so that 
specialized German classes are necessary. Even if 
only a dozen students are interested, such a course 
would be of value. 

When students of like aims are gathered together, 
their specific needs and objects can be considered. 
Students, in our utilitarian times, are intensely in- 
terested in anything of practical value. To them, 
German is a tool to unlock the storehouses of pure and 
applied science contained in such compendiums as are 
called, in ordinary parlance, by the name of the authors 
such as Beilstein, Gmelin, Landolt, Houben, Ober- 
hoffer, and Ullmann. Students and the instructors 
must recognize the value of any method that facili- 
tates and imparts a reading knowledge of this German 
technical literature. 

By placing emphasis upon the methods, usages, 
and vocabulary necessary to read chemical and scien- 
tific German, Purdue University, Lafayette, Indiana, 
over a period of seven years, has evolved a series of 
four textbooks that are now being used for this instruc- 
tion. These texts resulted from the desire of the De- 
partment of Modern Languages and the School of 
Chemical and Metallurgical Engineering to impart 
to the technical student the ability to read German 
scientific publications. After being used for a number 


* Presented before the Division of Chemical Education at the 
ninety-sixth meeting of the A. C. S., Milwaukee, Wisconsin, 
September 6, 1938. 


of years in mimeographed form and revised fre- 
quently, these books are now being published. These 
books bear the following titles and are all being pub- 
lished by John Wiley and Sons. 


(1) 
(2) 
(3) 
(4) 


Fotos and Bray, “A German Grammar for 
Chemists and Other Science Students.” 
Fotos and Bray, “Introductory Readings in 
Chemical and Technical German.”’ 

Fotos and Shreve, ‘Intermediate Readings in 
Chemical and Technical German.” 

Fotos and Shreve, “Advanced Readings in 
Chemical and Technical German.”’ 


The grammar and the intermediate reader are avail- 
able, and the two others will be published within the 
year. The German grammar for chemists is used by 
the students beginning the study of German without 
any prerequisite. The other three books are used dur- 
ing the three successive semesters. 

All of these volumes have as a guiding principle the 
reading of German selections, either sentences, para- 
graphs, or entire pages, from the standard reference 
books covering chemical and related fields. From the 
very beginning of the student’s instruction in German 
the simple principles of grammar are illustrated by 
examples from chemical literature. This arouses his 
interest and at the same time begins to build the 
necessary specialized vocabulary. 

It is obvious that no one can read without a vo- 
cabulary; and that, in order to yield the richest re- 
turns in reading power, this vocabulary must com- 
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ise the most important words, idioms, and verb 
forms of any specialized scientific field. For this 
reason, Professor John T. Fotos of the Modern Lan- 

age Department has made a very laborious word and 
syntax frequency count from more than one hundred 
thousand running words of representative chemical and 
technical German selections. From this count we now 
know the relative importance of chemical and scien- 
tific German words. While it is fully understood that 
such a word-frequency count would change slightly 
from one group of selections to another, yet this is 
sufficiently wide in scope to be very useful as a founda- 
tion for other scientific literature. The two thousand 
most frequently occurring words of this count consti- 
tute about eighty to ninety per cent. of any chemical 
texts. From an instructional point of view this fre- 
quency list is of great help, as it indicates the words 
that must be learned, and those that may be looked up 
in the dictionary. The student is frankly told that 
he need not memorize the German equivalent of words 
occurring in this list less than three times. 

In our modern crowded curricula the time of the 
student must be saved. To accomplish this, and to 
speed up the student’s reading ability, the words given 
for the first time or those of low frequency are tabu- 
lated on each page after the text followed by their 
English equivalents. However, all words occurring in 
the texts are listed in the back of the books in the com- 
plete vocabulary, with the word-frequency of each 
word there indicated. 

They have been able to determine by actual con- 
trolled examination tests, that the student who has 
had our first-year course can do about seventy per 
cent. as well as those taking the second-year chemical 
German with the traditional background of a first- 
year literary German course. Students in the upper 
forty per cent. of the first year of the new instruction 
do as well as the students who have had the tradi- 
tional first-year literary course and the second-year 
scientific German course. 

It should also be mentioned that the students are 
learning chemistry and German at the same time, since 
the German selections are taken from worth-while 
and up-to-date chemical reference books, with typical 
abbreviations and usages. However, these selections 
are edited so that the German teachers find no diffi- 
culty in teaching their classes from them. 

By varying the selections and by making many 
excerpts from Ullmann’s ‘‘Enzyklopddie’’ and from 
Beilstein, Houben, Oberhoffer, and others—them- 
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selves compilations by many authors—the student 
becomes accustomed to translating a wide variety of 
styles of German scientific literature. 

In chemical and scientific German there are many 
characteristic usages and these are emphasized in this 
series of texts. Among such usages are: the participial 
construction, which ordinarily is not stressed in any of 
the literary German grammars; the omission of the 
“wenn’’ in conditional sentences; the frequent use of 
the passive voice; the use of verbs with separable and 
inseparable prefixes; the use of adjective forms as 
adverbs; the long complex sentences often involving 
an entire paragraph or page, and so forth. These 
reading difficulties are not only carefully outlined in 
the grammar with exercises based on them, but they 
are also stressed in the copious notes that accompany 
the reading selections in the other three volumes. 

As a result of the study of the selections from the 
reference books such as Ullmann or Beilstein, the 
student has gradually learned to overcome his psycho- 
logical disinclination to use these large volumes. 
Prior to their present use a reluctance on the part of 
the student to consult these volumes had been noticed, 
apparently because of their bulk and number. Once 
the student has mastered the reading difficulties, vo- 
cabulary, and style, he learns that the German in these 
encyclopedic compilations is not so very difficult. 

The various texts, while intended for undergraduates, 
have also been of considerable value in preparing 
graduate students for their German examinations neces- 
sary for advanced degrees. 

Here we are presenting to our colleagues on the 
chemical, chemical engineering, and German staffs the 
experience and methods that have been tested and tried 
at Purdue University during the past eight years. 
We have found that our methods have shortened 
materially the time needed to teach students a reading 
knowledge of chemical and technical German. Simul- 
taneously the students show a greatly enhanced in- 
terest in this type of instruction. While with the 
former system of instruction there were many com- 
plaints from the students about the method of learn- 
ing German, and the engineering and chemistry in- 
structors also complained because of the inability of 
the advanced students to read the important German 
reference books assigned to them, now, as a result of 
this new method of instruction, we hear only words 
of praise from both students and faculty concerning 
the new type of German instruction. 











CONFERENCE OF THE NEW ENGLAND 
ASSOCIATION OF CHEMISTRY TEACHERS 


The New England Association of Chemistry Teachers, now 
in its fortieth year of continuous activity, is to hold a summer 
conference at the University of Vermont, August 16-19, in- 
clusive. The program themes include 


“The Introductory College Chemistry Course,” 
“College-Secondary Chemistry Relationships,” 


“Assimilation of New Material in Teaching Form,” and 
“The Consumer Aspect of Chemistry Teaching.” 


Registration, $2.00, is the only cost to members in addition to 
living expenses which will be modest. Non-members are invited 


to attend on the same basis as members, viz., $2.00 registration, 
and $3.00 for a year’s membership in the New England Associa- 
tion of Chemistry Teachers, including a subscription to the 
Report of the New England Association of Chemistry Teachers. 
Write Elbert C. Weaver, Chairman, Summer Conference 
Committee, Bulkeley High School, Hartford, Connecticut. 








LANTERN SLIDE TECHNICS 


I. SOURCE, PRINTING, AND MOUNTING INEXPENSIVE 2” x 2” SLIDES 


HUBERT N. ALYEA 


Princeton University 


LECTURE which is illustrated with out-dated 
pM slides cannot be spirited. To replace 

numbers of slides each year, and still remain 
within the budget, at Princeton we have completely 
replaced our 3!/," X 4” standard lantern slide collec- 
tion with 2” X 2” slides. These slides are non-break- 
able; the long axis of the picture may be horizontal 
or vertical to take full advantage of the subject; pro- 
jectors are inexpensive and portable; cost of materials 
for each black-and-white slide, four cents, is so negli- 
gible that separate sets of slides may be kept by in- 
dividual lecturers in the same department; and finally, 
colored slides, at eighteen cents apiece, make it possible 
to photograph colored charts, rock specimens, colored 
precipitates, and so forth. 

This article will describe a simple apparatus for 
copying diagrams, tables, and pictures from texts; and 
for copying standard 3'/,” X 4” slides onto 35-mm. 
film, at a cost of a fraction of a cent per picture. The 
photographic technic is so simple that an amateur can 
finish many hundreds of slides in a week. 

Source of Pictures.—Rolls of pictures, suitable for 
mounting in 2” 2” slides may be obtained from many 
sources. Among these are: American Microfilms, 6912 
Hollywood Boulevard, Hollywood, California; Biblio- 
film Service of American Documentation Institute, 
c/o U. S. Department of Agriculture Library, Wash- 
ington, D. C.; Detroit Film Laboratories, 66 Sibley 
Street, Detroit, Michigan; Holbrook Microfilms, 33 
West 60th Street, New York City; Record Registry 
Corporation, 912 West Washington Street, Indianapolis, 
Indiana; Society for Visual Education, 327 South 
LaSalle Street, Chicago, Illinois; University Micro- 
films, 313 North First Street, Ann Arbor, Michigan; 
U. S. Department of Agriculture through Dewey and 
Dewey, Kenosha, Wisconsin; Visual Sciences, Suffern, 
New York. In addition, many libraries are now 
equipped to make copies of source material. 

Secondly, ordinary 35-mm. motion picture frames, 
half the size of Leica frames, may be mounted in 2” X 
2” slides. 

Colored Pictures from Fortune.—The author has 
photographed all of the superb colored illustrations on 
chemical subjects in the magazine Fortune, but finds 
that only the following photograph well in color. 
Colored maps, gold, and silver reproduced poorly. 
Permission has been obtained from the Editor of Fortune 
and other owners to copy these pictures. The list which 
follows gives the volume, month, page, and title of the 
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, Princeton, New Jersey 


picture. Volume |: F-91, New York at night. Vol. 
ume 2: Jy-59, early locomotive; Au-39, dyed shower 
curtains, include legend; S-74, tiled Roman bath; 0-78, 
Frasch process, include legend; O-82, sulfur cooling; 
0-83, Frasch water reservoir; D-74 Princeton chapel 
window; D-78, souse window. Volume 3: Ap-438, polar- 
ized light; Ap-59, Dow brine, include legend; Ap-62, 
Dow caustic, include legend; My-84, U. S. iron map, 
Volume 4: Jy-55, map U. S. coal; D-65, emeralds, 
Volume 6: Au-clover, include legend. Volume 8: 
Jy-95, iron sheet mill; S-23, New York City; S-104, 
iron ore loader; O-108, steel ladler; D-123, iron smelter, 
Volume 9: F-62, lastex. Volume 10: Au-65, Ni-smel- 
ter; N-100, Hg-turbine. Volume 12: S-69, alcoholic 
sot; S-76, shopgirl’s lunch; O-60, glass bricks; D-146, 
steel rolling mill. Volume 13: Jan-79, beer cans; 
Mr-70-71-74-75, plastics; My-87, food calories. Volume 
14: O-29, zopaque, TiO; O-123, blast furnace; N-109, 
photoelasticity; N-112, dyes; D-82,.copper town. 
Volume 15: Jan-67, light buoy; Jan-70, copper mine; 
Jan-75, copper rod mill; My-106, plastics. Volume 
16: Jy-119, iron ore strip mine; Au-50, Kraft paper 
machine; S-192, oil stills; O-30, styrene; O-131, bo- 
logna; N-117, colored clothes; N-128, painting restora- 
tion; N-130, painting restoration; N-141, circulatory 
system. Volume 17: F-21, iodine; F-99, grinding 
wood; My-21, thiokol; My-34, aéroplane; Jn-24, 
cellophane; Jn-108, plastics; Jn-56, mine headframe. 
Volume 18: S-75, cellophane through polaroid. 


Printing.—Negatives may be obtained from many 
libraries, or from the copying apparatus to be described. 
Positives are made from these as follows. 


Exposing the Negative-—Two plates 1” x 30’, cut 
from automobile windshield glass are taped together 
along one side. Inside, the bottom glass is painted 
black to prevent reflection of light. Work under red 
light. Place a three-foot length of positive 35-mm. 
film emulsion side up on the black glass. Over this 
place the negative, of which the positive copy is to be 
made, emulsion side down. The two films are caught 
between the glasses as between the covers of a book, 
and may be aligned by turning the glasses on edge and 
tapping. Turn on a 15-watt ceiling light for the count 
of 5 to 15, depending upon the density of the negative. 
The positive film is now exposed, and ready for develop- 
ing. 

Photographic Solutions—A developer giving high 
contrast, at the sacrifice of grain size, is recommended 
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for general line work. The following solutions keep 
indefinitely. 


Solution 1. (Similar to Stock Solution A, Eastman D-9 Process 











Developer) 
MEM Sync bre ag oh the bas ValtoA Rae’ 2 liters 
ER is. 00 sce cic ate wr, vie be de ai wreee 
PEVOLOGUINONE. «05. eon oe eee e es, OO Re 
ct Se PEE OOP Re UO 50 grams 
Solution 2. (Similar to Stock Solution B, Eastman D-9 Caustic) 
EE RR eget) LAN green ea 2 liters 
ET aI a ESTAS hfe Sane ok i Sl ty 100 grams 














Vol: Solution 3. Bisulfate Hardener 
shower Es cipiy nas shaek 3) nde 2 liters 
CLO MIMI... tccascceccccte ces Qe Spine 
0-78 MOMMA <p ip dvvrer tae chee aon 40 grams 
oling: ; * . 7 a: 
shapel Solution 4. ‘‘Hypo’’—Thiosulfate Fixer 
DORM ne eee retin ware aiale > 2 liters 
polar- NayS,05°5H,0, 

\p-62, hypo pea or rice crystals......... 30 grams 
ma WassOs, QnbVCrous......... 6.5. 30 grams 
P. EO rte ie GIMCIAL. 6 os oes oe soo nee 30 cc. 
a eee anes 15 grams 





30 grams 
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*Warm half of the water to 50°C. and dissolve all of the 
hypo in it. Add the remaining water, followed by the other 
chemicals, taking care that each is dissolved before the next is 






























smel- 
holic added. 
-146, Solution 5. Quick Drier 
ans: Ethyl alcohol (95 per cent.).......... 900 cc. 

e DGG DICOIM, V5 ca css Phebe awoke 90 ce. 
Pr Formaldehyde (40 per cent. formalin). 10 cc. 
Wn, 
ine; Solutions 1 and 2 once mixed must be used within a 
ume few minutes, and should not be used more than once; 
uper solution 3 may be used two or three times; and solu- 
bo- tions 4 and 5 can be used repeatedly. 
ora- Procedure.—The film is developed in a stainless 
ory steel tank manufactured for 35-mm. film. Two strips 
ing of film each containing approximately thirty-five pic- 
24, tures may be developed simultaneously by threading 
ne, them into the reel back-to-back, emulsion sides out. 

The reel must be loaded under a red light but subse- 

ny quent adding of the developer, hardening, washing, and 
od fixing may be carried out in full daylight. 

Cool all solutions to 18°C. in beakers immersed in ice. 
zi This is important. For brilliant results all developing, 
ler 
ed 
ed II. 
nl. 
is 
De Apparatus for Copying Pictures.—Apparatus in Fig- 
it ure 1 copies black-and-white or colored pictures from 
4 books and magazines. Its features are (1) a picture is 
d automatically brought into focus in a few seconds, show- 
t ing the picture exactly as it will appear in the slide, 





without the use of a ground-glass focussing device; 
(2) difference in thickness of books is taken care of; 
and (3) the curve near the binding of the book does 
fot bring one side of the picture out of focus, as often 
occurs in copy work. 








AUTOFOCUSSING COPYING DEVICES 
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washing, and fixing must be carried out at 18.0 = 
0.5°C. 

(1) Fill the tank containing the film, with water. 
This moistens the film so it takes up developer evenly 
in the next step. Pour out the water. (2) Mix equal 
quantities of solutions 1 and 2 and pour the mixture 
immediately into the developing tank containing the 
film. (3) Exactly two and one-half minutes after the 
developer strikes the film, begin to empty the tank 
quickly. (4) Immediately refill the tank with solution 
3, without stopping to flush out the developer. Solu- 
tion 3 arrests development, neutralizes the residual al- 
kali, and hardens the film surface. Leave in this hard- 
ener for three minutes. (5) Wash twice with water. (6) 
Pour in fixing solution 4 and fix for ten minutes. (7) 
Finally wash in running water for at least half an hour. 

The negative may be dipped into solution 5, gently 
sponged to remove excess water, and dried in front of 
an electric heater in a few minutes. However, for the 
final positives it is better not to hasten matters, but to 
merely sponge the film, and hang it up to dry without 
the use of alcohol or heat. 

Mounting, Filing, Projecting.—Each frame in the 
positive is cut out, rubber-cemented between a labeled 
paper mat, and bound between 2” X 2” glass. These 
are best filed in a tray-type biological slide cabinet, 
where each picture may be seen without removing 
from the tray. This is preferable to filing upright, 
as in the usual slidebox. 

Projectors of many kinds are available, ranging 
from $15 100-watt projectors, to $150 750-watt audi- 
torium lanterns equipped with interchangeable lenses 
to accommodate both 2” K 2” and 31/4” 4” slides. 

Looking Ahead.—Exchange of 35-mm. negatives 
between schools, and weekly issuance of timely film- 
strips for use in general chemistry will be welcome lec- 
ture material. Use of fine-grain developers already 
provides artistic 2” 2” slides with perfect definition. 
Smaller schools with limited budgets will find an im- 
mediate saving in their adoption. When larger in- 
stitutions awake to the possibilities of these slides and 
provide projectors for visiting lecturers, the old- 
fashioned lantern slide will be relegated to the past 
along with the horse and buggy. 







Mark on Number of Exposure 
square rod the supple- Dia- lime 
Opening appearing mentary front phragm printing, 
Mask in mask above lens (plus 12- on and line Time 
no. in inches collar mm. collar) Leica drawings pictures 
O 61/2 K 41/4 0 12-mm. collar, {:9 1/, sec. 1/2 sec. 
no front 
lens 
1 43/4 X 31/6 1 1 £:9 1/, sec. 1/2 sec. 
2 41/4 XK 23/4 2 2 £:9 1/3 sec. 4/4 sec. 
3 3X2 Lower rod 3 £9 3/4sec. 1 sec. 
until head 
rests on 
collar 
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The figure gives specifications for a Leica camera, 
model E or F; but by simply altering the screw which 
holds the camera and the position of the graduations 
on the square tubing above it, the apparatus can be 
used with any other 35-mm. camera such as the Con- 
tax or Argus. Items not shown in the specifications 
follow. The screw which holds the Leica camera is 
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bers 1, 2, and 3 and the brass masks tabulated oy 
page 309. 

The picture to be photographed is placed on th 
wooden table. The appropriate mask is selected, jt; 
square brass rod inserted in the hole, and the knurl 
nut supporting the vertical optical bench is turned ty 
lower the mask firmly upon the picture. If, for example, 

mask number 2 is selected, then screy. 
ing in supplementary front lens num. 








34” Square Brass Tube 


— 














Ya = 264 





i 














i Brass Tube 


ber 2 and elevating the camera t 
number 2 on the square supporting 
rod will bring everything that appears 
in the opening of the mask exactly 
into focus; and this will appear on the 
finished slide. 

While extraneous printed matter 
appearing within the mask can be 
blocked out with 5 X 8 cards, we 
have found it simplest to mask the 
final positive with black cellophane 
in its 2” < 2” paper mat. Use ex. 
posures indicated above. With col- 
ored film, such as Kodachrome A, 
exactly the same _ procedure js 
adopted. However, exposure times 
for colored film are so critical that it 
is advisable to take two frames of 
each picture, varying the exposure 
about three-fold, and discarding one 
of the finished frames. 

Apparatus for Copying 2” X 2! 
from 3'/," xX 4” Slides.—A change 
from 31/,” X 4” slides to the 2” Xx 


Vg walt Copying Attachment 
- a wa — i 


| os 
Leica Camera 
side elevation 
scale zinches 


Louul it 


Loe 
le ? 3 


2” size is inhibited in many univer- 
sities by their possession of a large 
library of the older type of slide. 
However, with the apparatus in Fig- 








ure 2 a collection of a thousand large 
slides can be duplicated as 2” x 2’ 
slides within less than a week; and 
at a total cost for materials of 
about forty dollars. 

The lamp of an Agfa negative 
viewer (cost, two dollars) is replaced 
by a board carrying a ring of eight 





Christmas-tree bulbs, the frosting of 
which has been wiped off with meth- 











anol. A ground-glass plate, and an 








Ficure 1 


not attached to the square rod, but to a side-plate jut- 
ting out from it. Permanently fixed so as to project 
two inches in from each side of the board, and fourteen 
inches above it, is a 100-watt bulb, shaded from the 
camera lens. Exposures stated in this article are for 
this 200-watt illumination. Leica owners will use a 
12-mm. collar for all pictures, together with supple- 
mentary front lenses by Ernst Leitz Wetzlar num- 


opal-glass cover complete this source 
of even illumination. On top of this 
fits a wooden block, carrying a 35-mm. 
camera at a fixed distance above it. 
To copya slide, merely place it over the hole in the wooden 
block, switch S turning on the bulbs, and expose at f:9 for 
the count of ten. Develop seventy negatives at a time, 
making positives, mounting and projecting as described 
above. (See Part I of this article.) If too much contrast 
results in developing, dilute the mixture of solutions 1 and 
2with an equal volume of water, keeping everything 
else the same. Specifications given in the figure are fora 
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Ieica model E or F , with a 22-mm. collar; but of course visiting lecturers, and the box base furnishes even 
with slight alterations any other camera may be used. illumination for mounting slides or viewing them in 
The apparatus may be carried about the campus to the dark auditorium before projection. 












Ill. AN AUTOMATIC SLIDE-CHANGER 













ens num. 

mera to With this apparatus the lecturer, by pressing a casing. Momentary pressing of the button completes 
Pporting # putton on the lecture table, changes slides in the pro- a 12-volt circuit which starts the motor. Depending 
appears Bf jection lantern at the rear of the room. A good lecture on which of two contacts are used, the motor will make 





is thereby spared upside-down slides, shouts to the either a full or a half revolution. 



































* So ¢ ‘tripod screw 
= 








Lantern Slide Copying 
Attachment 
for Leica Camera 
Scale in inches 


— il 


St a ae | 








yA 


{=< Round Rod PDE age + 
== x 
i<}— a Say 
Th Igusl 














2: 
eee —~S 








a en | 


F aad ound glass a 









© oa of 


RON N. \Swood base\_ any i | 


























Slide Holder.—The slides to be fed into the mecha- 
nism are stacked in rack A. For 2” X 2” slides the 
rack may be inclined; and a weight placed behind the 
slides will feed them into frame B. For 3'/,” x 4” 
slides friction was found too great for a gravity feed, and 



































Automatic Slide Changer 

















FIGURE 3 





tension by rubber bands, more flexible than springs, 
was employed. The rack holds about twenty-five 
slides. 

First Slide.—A long arm from the motor rests against 
the first slide in frame B; and when the motor turns, 


ative 

faced e" amend the slide is pushed over into frame C. Cis in the beam 
eight of the projector, so the slide appears on the screen. 

ig of Next Slide—Meanwhile the motor has completed 
ieth- its revolution; the second slide has been pulled up from 
d an Sekine rack A into frame B, and the pushing plate is back in 
urce its original position but now resting against slide num- 

















assistant, or thumps for the next slide. The attach- 
ment is adaptable to either 3'/,”" X 4” or 2” X 2” 
slides; and we have been using slide-changers for both 
types of slides for three years. 

Pushing Mechanism.—Cogs inside an old Minneapo- 


ber two. Again the lecturer pushes the button; the 
motor starts and the arm pushes slides from frames 
B and C into frames C and D, respectively. Slide 
number two is now in C and appears on the screen. 
Slide number one has reached D and is pushed down 
the chute into the box by means of a little pusher in 


me, 
bed lis-Honeywell furnace regulator, Type D, gear set D, actuated by an extension of the slide-pusher. 

ast 30 seconds, were reversed to speed up time for one Dual Control.—If many slides are to be shown, the 
nd tevolution to six seconds. The motor is plugged in on projector light is left on throughout the lecture. In 
ing 110 volts a.c. The button and cord from the lec- that case, the button and cord from the lecture table 








turer’s table is attached to two posts on the motor 


is attached so as to obtain the motion described above. 
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However, if only a few slides are to be used, the cord is 
attached to the posts which give half a revolution. 
Then an eccentric wheel, placed on the motor axis, is 
used to raise and lower a mercury-in-glass contact 
tube, carrying the projector current. The first press 
of the button turns on the light and shows slide number 
one. The second press turns off the light. The third 
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press pushes slide number two into frame C and tun, 
on the light, and so on. 

No attempt has been made to give actual dimep. 
sions, since they will have to be adopted to each pro. 
jector and furnace regulator.! 


1 A list of equipment for making 2” X 2” slides may be obtained 
from Dr. Alyea. 





THERMODYNAMICS for 
CHEMICAL ENGINEERS’ 


E. W. COMINGS 


University of Illinois, Urbana, Illinois 


HE subject of thermodynamics for chemical engi- 

neers has been treated in such a variety of ways 

in different schools that its meaning is vague. This 
vagueness is enhanced by the lack of an adequate text. 
With this in mind, it was f>'t that a definite outline of 
such a course with references to serve in the absence of 
a text would be of interest. 

Before arranging such an outline it is well to con- 
sider how a chemical engineer will apply thermody- 
namics. The limitations of a simple heat balance as 
taught in stoichiometry bring out the need of a more 
basic concept for handling problems of greater com- 
plexity. Thus, in setting up such a balance around a 
limekiln, it is possible to account for all the heat enter- 
ing in the charge, fuel, and air as leaving in the solid 
products, in the flue gases, or as losses through the walls 
of the kiln when proper values are used for heats of 
combustion and decomposition of the fuel and lime- 
stone, respectively. If a similar balance is run around 
a system comprising a compressor, heat exchanger, 
and reaction chamber, it is at once evident that other 
forms of energy in addition to heat must be considered. 
The balance which is universally applicable is an 
energy balance and, of course, depends on the first law 
of thermodynamics. 

With this fundamental balance in mind it is a logical 
step to Bernoulli’s mechanical energy balance as a basis 
for fluid flow. The first law allows a clear understand- 
ing of such simple processes as expansion through a 
valve, expansion into an evacuated or partially evacu- 
ated cylinder, the evaporation of a liquid and its re- 
moval from a batch system as distinguished from evapo- 
ration in a steady flow system, as well as others 
which will be mentioned later. 


* Presented before the Fourth Annual Meeting of the Illinois- 
Indiana Section of the Society for the Promotion of Engineering 
Education, Terre Haute, Indiana, May 7, 1938. 


The second law is of utility to the chemical engineer 
because of the varied conclusions which can be built up 
from it as a basis. The determination of the physical 
properties of pure compounds or mixtures from a limited 
amount of experimental data is a good illustration. En- 
tropy and free energy have served to predict chemical 
equilibria where direct measurement would have been 
difficult if not impossible. The Clapeyron equation 
follows directly from the concepts of the second law. 
Its use in predicting vapor pressures is well known. A 
chemical engineer should be to some extent familiar 
with these applications. 

It is not our purpose to name all the applications of 
thermodynamics. The above are samples. The sub- 
ject is a fundamental one and therefore definitely be- 
longs in academic training. To provide a course in 
these fundamentals with a clear understanding of their 
application is the réle of chemical engineering thermo- 
dynamics. A course in the subject might well handle 
the following general subjects. 

(1) A background is provided by discussing funda- 
mental concepts such as temperature (4), pressure, 
specific volume, work (7), heat, energy, heat capacity, 
state, system, change of state, process, reversible and 
irreversible changes (4), cyclical changes and batch and 
steady flow processes. 

(2) The first law is explained for a batch process by 
visualizing changes in state as taking place in a cylin- 
der (10) fitted with a frictionless piston and entirely 
non-conducting of heat or conducting as desired. 
Such simple illustrations provide a picture in the stu- 
dent’s mind and simplify the presentation over that 
given in some texts (8). With the gas already in the 
cylinder these processes may be analyzed, isothermal, 
constant pressure, adiabatic, constant volume, poly- 
tropic, and (by the substitution of a diaphragm for the 
piston) free expansion. These can be illustrated using 
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a perfect gas in the cylinder, but the more general 
sature of the results should be pointed out. 

The distinction between a steady flow process and a 
batch process must be made clear with a discussion of 
the general energy balance for both types (7, 12). The 
definition of enthalpy is introduced; it is pointed out that 
the changes in this property (like changes in the internal 
energy and other thermodynamic properties to be in- 
troduced later) depend only on the initial and final state 
and that only in special processes can these changes in 
enthalpy be interpreted as a quantity of heat. Numer- 
ous problems are required to fix these concepts thor- 
oughly in the student’s mind. A good example is sup- 
plied by the following problem (10) which requires a 
choice of the proper system and a full understanding of 
internal energy and work in the thermodynamic sense. 


Problem: A totally evacuated steel shell, having a capacity 
of 30 cu. ft. is to be filled with hydrogen from a gasometer in 
which the hydrogen is at 2 atms. abs. and 60°F. The flow takes 
place through a relatively small valve, and the volume of the 
gasometer, therefore, decreases slowly during the flow, the pres- 
sure in the gasometer remaining constant at 2 atmospheres ab- 
solute. The gasometer, shell, and connections may be con- 
sidered non-conductive to heat. When the pressure in the shell 
reaches 2 atmospheres absolute, what is the temperature of the 
hydrogen in the shell, and by how much has the volume of the 
gasometer decreased? 


(3) The second law gives the student a better under- 
standing of the relation between work and heat and 
defines the impossibility of changing a quantity of heat 
completely into work without compensating changes 
in the surroundings, despite the equivalence of the two 
forms of energy as stated by the first law. Entropy 
then provides a quantitative statement of this prin- 
ciple and furnishes another useful property for analyzing 
processes. Graphical methods aid in visualization and 
a treatment of enthalpy-entropy (Mollier (6)), tem- 
perature-entropy, pressure-volume (4, 7), and tempera- 
ture-internal energy (11) charts is recommended. If 
numerous problems are used, the student should now 
have a fairly clear idea of the basic concepts of ther- 
modynamics and will raise the question as to what is 
the use of all this theory. Several applications in ad- 
dition to those which have already been evident are 
appropriate at this time. 

(4) Thermodynamics provides a means of correlating 
numerous physical properties which will be useful to 
the chemical engineer and in this application can 
greatly reduce experimental work. Some knowledge 
of partial differentiation will be required here, and a 
review of two mathematical theorems (13) will give an 
adequate foundation (7). Since p-v-t data are the 
least difficult to collect, such other properties as en- 
thalpy, entropy, heat capacity, energy, and so forth, 
should be derived from them, supplemented by heat- 


(1) Deminc, W. E. anv L. E. Suupe, Phys. Rev., 37, 638 
(1931). 
(2) Epmister, W. C., Ind. Eng. Chem., 30, 352 (1938). 
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capacity data at atmospheric pressure. By defining F 
and A (8) (Gibbs (3) ¢ and y) the Maxwell Relations 
(7) easily follow, and these are useful in transforming 
partial differential coefficients involving entropy to 
equivalent coefficients involving only p, v, and t. A 
convenient and accurate procedure for deriving these 
related properties is by the method of residuals (1) and 
graphical calculations. 

(5) The possibility of chemical engineers using ex- 
tensively any accurate algebraic equation of state ex- 
cept in the cases of a few common gases seems some- 
what remote. This is due to the complex nature of 
the equations required to fit the p-v-t data even over 
limited ranges. However, the approximate graphical 
correlations based on reduced temperature, pressure, 
and volume (5, 2) are capable of extensive use. These 
correlations when combined with the above thermo- 
dynamic principles lead to convenient general relations 
between the properties. 

(6) The examination of a system to determine 
whether a spontaneous change is possible (3) and the 
use of thermodynamic properties in predicting equilib- 
rium relations are an important application with which 
chemical engineers should be familiar. The relation 
between free energy and the equilibrium constant is 
essential. The free energy can best be introduced by 
defining it as a new property which depends only on the 
state of the system. The possibility of an increase in 
entropy is then shown to be the criterion of the pos- 
sibility of a spontaneous change taking place in an 
isolated system. For a system which is not isolated 
but subject only to a constant pressure and temperature 
the possibility of a decrease in free energy becomes the 
corresponding criterion (9). The activity coefficient 
and fugacity in their relation to free energy and the 
equilibrium constant should be studied. 

It is realized that an adequate treatment of the ma- 
terial outlined will probably require more than one 
semester. If only one semester is available, it is felt 
that greater benefit will be derived from a thorough 
treatment of the fundamentals as outlined in (1), (2), 
and (3) above and presented with the object of pro- 
viding a good basic understanding of the thermo- 
dynamic principles involved than would result from 
slighting these principles in favor of the applications 
given in (4), (5), and (6). 

Briefly, then, the utility of thermodynamics to the 
chemical engineer is illustrated by its applications to 
fluid flow; general processes involving both physical 
and chemical changes of state; the measurement, cal- 
culation, and correlation of physical properties; and 
the calculation of both physical and chemical equilibria. 
A general outline for presenting the fundamentals of 
the subject together with their applications is given. 
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TRANSPARENT PROJECTIONS of 
LECTURE EXPERIMENTS 


WILLIAM J. CONWAY 


Fordham University, New York City 


HERE are many instructive experiments of first- 

year chemistry that cannot be performed as lecture 

demonstrations because they must be carried out in 
such small vessels that the more remote students cannot 
follow the course of the experiment. Other experiments 
move too slowly when performed in the usual manner 
to hold student interest. The author has found diffi- 
culty in demonstrating the activity series of the metals, 
supersaturation, certain specific properties, and so forth, 
to large groups of students. Some experiments of this 
type have been improved for classroom use by being 
demonstrated in an opaque projector,! but the inac- 
cessibility of the apparatus when in position in an 
opaque projector, the heat of the lamp, probability of 
fumes injuring the instrument, and the poor visibility 
considerably limit the use of an opaque projector for 
this type of experiment. Accordingly an attempt was 
made to develop a method whereby the ordinary trans- 
parent lantern slide projector might be used with only 
slight modifications of the instrument. The principle 
of the scheme lies in the use of glass cells thin enough 
to permit good definition of the contents when used in 
a lantern slide projector. The only modification of the 
projector that is necessary is the removal of the slide- 
holder and the substitution of a wooden frame to hold 
the cells. 

The cells we have used are easily made from stand- 
ard lantern slides (8.3 cm. X 10.2 cm. X 0.125 cm.) 
and vary in thickness from 3.75 mm. to 7.5mm. The 
cells are made by separating two of the lantern slides 
with strips of glass (about 1 cm. wide and 1 to 5 mm. 
thick). The strips are obtained from the customary 
type of thin cover glass for lantern slides, or heavier glass 
depending upon the required thickness of a cell by first 


1 FILLINGER, H. H., J. Cuem. Epuc., 8, 1852 (1931). 


cutting a scratch in the glass plate with a glazier’s glass 
cutter. Then the strip is broken off by using the ends 
of the index fingers as a fulcrum near one end of the 
mark previously made with the glazier’s instrument. 
Three of the strips are then placed on a lantern slide 
as shown in Figure 1 and covered with another plate. 
The binding material, which was selected after discard- 
ing a host of others, is polyvinyl acetate.? This is 
first dissolved in acetone to make a twenty-five per 
cent. solution and applied to the slides so as to make 
contact with the separatory strips (cf. Figure 1). The 
acetone is allowed to evaporate at room temperature, 
the cell is assembled and placed under a small weight 
in an oven at 100°C. for ten minutes. When the 
polyvinyl acetate softens (95°C.) the weight presses 
the walls of the cell against the separating strips, and, 
on cooling, a water-tight cell results. Occasionally it 
is found that due to imperfect binding between the 
plates and the strips a cell will leak. This can be over- 
come by first drying the cell after testing it and then 
painting the edges with the solution of polyvinyl 
acetate. 

In some experiments the heat carried by the beam oi 
light is a serious disadvantage. This is conveniently 
removed by placing a second cell containing a one per 
cent. solution of copper sulfate between the first cell 
and the source of light. The water for the solution 
should be boiled previously to remove dissolved aif 
which otherwise forms interfering bubbles. 

To demonstrate the inoculation of a supersaturated 
solution by projection, the best salt seems to be sodium 
acetate. A forty per cent. solution of c.p. sodium 
acetate is heated to about 85°C. until all the salt dis- 





2 Vinylite, Grade AYAA manufactured by Carbide and Car- 
bon Chemical Corp., New York City. 
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gives. The warm solution is then transferred by pipet 
to a cell heated by partial immersion in warm water. 
After cooling, the cell containing the supersaturated 
glution can be freely transported without crystalliza- 
tion taking place. When ready to perform the experi- 





- 




















‘FIGURE 1 


ment all that is necessary is to place the cell in the pro- 
jector, focus the meniscus, and inoculate. Immediately, 
long, beautifully shaped, needles form, growing com- 
pletely across the screen (Figure 2).* Since the cell is 
only 1.25 mm. thick, the illusion of three-dimensional 
focusing of the crystals is produced. The rapidity of 
the crystal growth is striking, and observations are 











FIGURE 2 


made that are usually overlooked when carried out in 
the customary macro scale, e. g., that the rate of crystal 
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growth is proportional to the degree of supersaturation. 
It is also effective to remove the cooling cell after 
crystallization has taken place to allow the heat of the 


‘The photograph shown in Figure 2 was taken with a Leica 
Camera, 3B, Fa. ; 
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beam of light to warm the solution again and thereby 
redissolve the crystals. 

Another lecture experiment of elementary chemistry 
which is particularly adaptable to this mode of presen- 
tation is the one usually performed early in the school 
year to illustrate specific properties, viz., the solubility 
of wool and the insolubility of cotton in alkali. When 
2-cm. square pieces of wool and cotton yarn are placed 
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FIGURE 3 


in a cell containing sodium hydroxide and projected 
without the use of a cooling cell sufficient wool: quickly 
goes into solution, even though the solution is heated 
only by the heat of the light, to show that the wool 
fabric is disintegrating and that the cotton does not 
dissolve. During the course of this experiment the 
whole class can follow the test and can see the action 
of the alkali on a single fiber. The projection greatly 
increases the sensitiveness of the test, makes the action 
seem much more rapid, and is comparable to an obser- 
vation, made microscopically, by individual students. 
The electrochemical series of the metals has always 
presented difficulties to the author when it seemed ad- 
visable to demonstrate it to a large class. However, 
when several cells are successively placed in the pro- 
jector and to each a representative metal is added the 
great difference in the degree of turbulence of the solu- 
tion caused by the evolution of hydrogen gives a rough 
estimation of the activity of the metal. The difference 
in the activity of Mg, Al, Zn, Fe, Sn, Pb can be shown 
also by inserting wire or small shot into a divided cell 
containing the same concentration of acid. A cell may 
be divided to make a number of small compartments 
by placing two or three strips of glass in a cell parallel 
to a of Figure 1. Care must be taken to clean carefully 
the surface of the metals just before use and to handle 
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the cleaned metals with forceps. This precaution is 
necessary because the action is greatly magnified, 
thereby necessitating equalization of factors affecting 














FIGURE 4 


the speed of the action. With the above experiment it 
is also desirable to demonstrate an example of ‘‘ca- 
talysis” due to electrolytic action.4 This is accomplished 
by adding a wire of pure zinc to reagent grade sulfuric 
acid. The slow reaction is accelerated by placing plati- 
num foil in contact with the zinc and all students can 
see the formation of bubbles on the platinum surface in 
preference to the zinc. It is also effective to illustrate 
here the difference in the apparent degree of ionization 
of acids. This is accomplished by adding an aluminum 
wire to a sulfuric acid solution in a cell. Attention is 
drawn to the rate of reaction by noting the turbulence 
of the solution. A solution of sodium acetate is added 
replacing the sulfuric by acetic acid and thereby retard- 
ing the speed of the reaction. 

For the projection of the growth of a lead tree a cell 
is made with separating strips 1.25 mm. thick. This 
cell differs from the other cells inasmuch as a lead strip 
is used as the bottom of the cell. The lead strip, b, in 
Figure 1 is used as the anode with a protruding end to 
facilitate the attachment of the positive wire of a dry 
battery or other source of current. A piece of platinum 
foil to act as the cathode is inserted in the upper part of 
the cell. The lead strips for the bottom of the cells 
were made by folding lead foil over on itself a number of 
times to make a thickness of something greater than 
that which was necessary, then placing in a large vise 
to squeeze it down to 1.25 mm. We have also ham- 
mered down one-eighth-inch sheet lead to the required 
thickness and planed the surfaces in a vise. This thin 
cell has the advantage of producing a tree of lead in 
which the crystals are kept in an approximate plane, 
hence making it possible to keep the entire tree in focus 
during its formation. A five per cent. agar agar solution 
is prepared and filtered to remove clots. To this is 


* Fow.ss, G., “Lecture experiments in chemistry,’’ P. Blakis- 
ton’s Son & Co., Inc., Philadelphia, Pa., 1937, p. 467. 


JOURNAL OF CHEMICAL Epucarioy 


added lead acetate to make a ten per cent. solution, 
The cell is filled by pouring the solution through a fyp. 
nel made by drawing out a test-tube so that the stem 
will fit in between the plates of the cell. When the pro. 
jector is approximately twenty feet from the scree, 
a slide is magnified to about six feet by eight feet, 
This enables one using the above concentration ty 
cause the growth of a lead tree, the projected image of 
which is eight feet tall, in less than ten minutes. Figures 
3, 4, and 5 are photographs of lead trees as projected 
on the screen. Figure 3 was produced slowly, 7. ¢., the 
tree grew to the bottom of the cell in approximately 
fifteen minutes, whereas in Figures 4 and 5 twenty-five 
volts were used at the start to form the crystals rather 
slowly for the trunks and branches, then fifty volts tp 
produce the crystals more rapidly but much smaller to 

















FIGURE 5 


adorn the branches with foliage. Figures 4 and 5 vary 
considerably from Figure 3. This variation shows the 
wide variety of effects that are possible. It seems to 
the author to be a distinct improvement over the older 
method of growing the lead tree in a Petri dish. 

This technic has been presented in the hope that the 
method may be helpful to others for the demonstration 
of certain experiments and to make them clearly visible 
to each member of a large class. The experiments de 
scribed in this paper are simple and are typical of others 
upon which work is now in progress and which will be 
reported at a later date. 
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HISTORY of the NAVAL STORES 
INDUSTRY sn AMERICA. PART II 


J. MERRIAM PETERSON 


Experiment Station, Hercules Powder Company, Wilmington, Delaware 


PROCESSES DEVELOPED MORE RECENTLY 
Steam and Solvent Process.—The wasteful box method 
employed during the nineteenth century for obtaining 
dip scarred thousands of acres of the Southland 
with dead trees and stumps. Simultaneously, the axe 
of the American woodsman swung southward through 
this same area, reverberating its warning of the con- 
sequences of such wholesale butchery. Another enor- 
mous wastage of pine stumps was left in its devastating 
wake. 
The plea, “Woodman spare that tree!” might well 
have been the slogan which inspired the development of 
the steam and solvent process about twenty-five years 


Various attempts were made before 1865 to utilize 
the resinous portions of the waste pine wood. Patents 
of that period disclose the fact that much of the basic 
information possessed today concerning wood turpen- 
tine was known then. Even the use of steam as an ad- 
junct to direct fire was advocated. 

The method developed first was the destructive dis- 
tillation process. One of the first commercial installa- 
tions of this type in the United States is credited to 
James Stanley who built a small plant in 1872 at Wil- 
mington, N. C. The operation with various improve- 
ments and modifications proved suitable for the produc- 
tion of turpentine and other products, but it did not 
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THE STEAM AND SOLVENT PROCESS BEGINS WHERE THE GUM AND LUMBER INDUSTRIES STOP 


_ Thousands of acres of waste stump land furnish the raw material for the production of high-grade rosin, turpen- 
tine and pine oil by the modern steam and solvent process. 


ago when the rapid depletion of living trees was more 
widely realized as a serious threat to the future of naval 
stores in America. The process uses as raw material 
hot the gum dip of the living tree, but dead stump and 
fallen fat waste wood. This waste, when treated ac- 
cording to the newly developed process, yields not only 
turpentine and rosin, but also pine oil and a number of 
valuable chemicals previously little known, which now 
have found important uses in a large number of widely 
diversified industries. 


produce any of the desired rosin. The method never 
proved to be very profitable, and today only about one 
per cent. of the turpentine is made by the process. 
Although the use of steam for extracting turpentine 
from waste wood had been proposed for years, the 
method showed little promise because of high produc- 
tion costs and because no rosin was recovered. In 
about 1906, H. T. Yaryan, inventor of the well-known 
Yaryan evaporator, became interested in the problem 
and conceived the idea of solvent extraction of the 
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wood, adapting the principle which he formerly had 
used in perfecting a process for extracting linseed oil 
from flaxseed with petroleum. An experimental plant 
was built shortly afterward in Toledo, Ohio, to perfect 
his steam and solvent process for producing turpentine 
and rosin, which was known for many years as the 
“Yaryan Process.” 

The first regular plant operating on this principle was 
erected in 1909 at Cadillac, Michigan, but the plant was 
more successful technically than financially and the ad- 
verse ratio of operating costs to prevailing product 
prices forced the plant to close after a few months of 
operation. 

The first successful commercial plant began regular 
operations in February, 1910 at Gulfport, Mississippi, 
with a daily extraction capacity of 100 tons of wood, 
and during its first year produced approximately 14,000 
barrels of rosin and 2000 barrels of turpentine. Its 
capacity was increased in 1911 to 180 tons of wood a 
day. A second plant with an extraction capacity of 
300 tons of wood a day was completed in January, 1912, 
at Brunswick, Georgia. Its capacity was doubled dur- 
ing its first year of operation. The combined produc- 
tion from these two plants during the 1912-13 season 
was 98,000 barrels of rosin and 15,000 barrels of tur- 
pentine, representing approximately 2 per cent. and 4 
per cent. of the total domestic production of turpentine 
and rosin, respectively. 

The new process grew steadily and was improved. 
Six more plants of this type were built in the course of 
the next ten years to bring the combined output by the 
steam and solvent process to about 10 per cent. of the 
country’s total production. Today, the process accounts 


TABLE 6 
GROWTH OF THE STEAM AND SOLVENT NAVAL StToRES INDUSTRY* 


Period Production 
Turpentine 
50-gal. %ofU.S. Pine oil 
bbl. total gal. 


146,000 
5 411,000 
“f 892,700 
6 2,553,000 
0 
2 


Rosin 
500-lb. % of U.S. 
bbl. total 


59,800 2.7 
102,600 6.0 
153,500 8. 
391,600 7. 
9. 
5. 


9,200 1.4 
18,200 3. 
31,700 5. 
73,900 ai. 
68,900 12. 
é 91,100 15. 


1910-15 
1915-20 
1920-25 
1925-30 
1930-35 
1935-36 
Season 
1936-37 
Season 
1937-38 
Season 


2,798,000 
4,180,000 


420,900 
575,300 


687,300 29.6 106,600 17.9 4,771,000 


700,900 29.4 109,200 17.8 4,817,000 


* Compiled from reports of Survey of Current Business, issued by U. S. 
Department of Commerce. 


for more than one-quarter of the total. The growth of 
the process is indicated in Table 6. 

These products became known as ‘‘wood rosin’ and 
“wood turpentine’ to differentiate them from the 
“gum’’ products obtained from the living tree by the 
older process. 

One contrast in the gum and wood industries is es- 
pecially interesting. The gum products are manu- 
factured by several hundred producers, whereas the 
wood process is divided among less than ten producers. 
Many of the gum producers operate only when prices 
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are good and, because of the low investment tied up 
equipment, shut down when prices are unfavorah, 
Man:” of their plants are quite primitive and the, 
method of production crude. Of course, some of th 
larger plants using the gum process have mode 
equipment and exercise the same rigid control whig 
has characterized the large plants using the steam an 
solvent process. 

While the steam and solvent process is simple iy 
certain fundamental aspects, it requires constant an 
careful supervision, and is an excellent example ¢ 








Raw MATERIAL FOR THE STEAM AND SOLVENT PROCESS 


All stumps, big or little, look alike to this powerful stump 
puller at one of the woods camps. Note the characteristic 
huge tap root, which furnishes more raw material than the 
stump above ground itself. 


the careful chemical and mechanical research and its 
application to the control of modern plant opera- 
tion. The process includes many important steps from 
the gathering of the waste wood and stumps to the 
recovery of high quality chemicals. 

The stumps are usually removed from the cut-over 
timber land by huge stump pullers or by explosives 
and then broken into pieces of convenient size by trim- 
ming and dynamiting. After transportation of the 
wood to the extraction plant, it is ground to small pieces 
in a “hog” before being shredded to still smaller pieces 
of match-stick size. 

These small chips of wood are conveyed to stationaty 
extractors of the vertical type, each of which usually 
holds six to fifteen tons of wood. Here, the wood is 
treated with live steam until practically all the turpet- 
tine and the greater part of the pine oil have been vw 
porized and carried off with the steam to the condensers 
Since the condensed crude turpentine and water at 
not miscible, the former may be recovered by gravity 
separation and further rectified in modern fraction 
distillation equipment into turpentine and pine oil. 

The chips, free from crude turpentine, are covered 
with a solvent which usually is a close-cut petroleu# 
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action, and the rosin and pine oil remaining in them pine oil, may be separated by fractional distillation or 
are extracted by a series of washings. This solution is fractional crystallization. Such cuts are regulated and 
carried next through a series of washers to remove small modified according to consumer requirements and de- 
suspended wood particles and then through a series of mands. 
yacuum evaporators where process solvent is recovered Rosin is the nonvolatile residue from the evaporators. 
for re-use in the extraction process. It is treated to secure standard quality in a relatively 
" Pine oil is recovered from the solution as a crude dis- large number of grades suitable for various purposes. 
tillate in the evaporating step and subsequently is re- The chief differences between the regular grades lie in 
fned by rectification. It is then blended in proper color and impurities, the color ranging from nearly 
proportion with the previously rectified pine oil from black to water-white. The increasing demand for 
lighter-colored rosins has been met by the solvent ex- 
traction of the color bodies in ordinary wood rosin. 
Commercial abietic acid of high acid number also has 














ExTRAcTOR House AT A MODERN NAVAL STORES PLANT 


Thousands of tons of waste wood chips are extracted daily 
in this battery of extractors to yield valuable industrial 
products by the steam and solvent process. 


crude turpentine to form the pine oil of commerce. 
Ninety-five per cent. of all pine oil produced comes 
from the wood process, since it has no counterpart in 
the gum industry. A production of nearly five million 

















Rosin CLEAR AS GLASS 


This block of wood rosin, one and one-eighth inches thick, 
shows the remarkable clarity made possible by chemical con- 
trol in the manufacturing process. 


been developed and is one of the lowest priced organic 
acids of this degree of purity available today in quan- 

tity as a raw material. 
A MopERN STEAM AND SOLVENT Process PLANT Recovery from Sulfate Pulping Operation.—A method 
In the foreground is the raw material as received from the Of recovering turpentine as a by-product of the paper 
aang camps. The mill room, extractor building, power industry utilizing the sulfate pulping process, was in- 
a refinery, and rosin storage yard are in the back- troduced about 20 years ago. In this process, the 
chipped wood is held at an elevated temperature for a 
considerable length of time with a definitely alkaline 
gallons during the past season is indicative of its grow- ‘‘cooking liquor,’ as contrasted with the well-known 
ing importance. sulfite pulping process which employs an acid liquor. 
A number of terpene hydrocarbons and terpene The process sometimes is preferred for pulping wood 
alcohols, found as constituents in wood turpentine and containing an appreciable quantity of heartwood be- 
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cause this kind of wood is more rapidly penetrated by 
* an alkaline solution. The turpentine is condensed 
from vapors given off from the pulping digesters, and 
because of its association with the sulfate process, usu- 
ally is called sulfate turpentine. The crude turpen- 
tine commonly is refined to remove mercaptans with 
their objectionable odors, and various high-boiling com- 
ponents. 

The growth of sulfate turpentine has been steady 
although so slow that it never has assumed more than a 
minor position in the naval stores industry as a whole. 
A production of approximately 25,000 barrels was 
reached during the past season in this country. About 
twice this quantity was produced in Sweden and Fin- 
land combined, where the process has received greater 
consideration. 

Renewed interest, however, is being shown in the 
method since the unparalleled expansion in the produc- 
tion of kraft or sulfate pulp in the South. Many be- 
lieve that its potential possibilities deserve greater 
study. Yields of from 0.5 to 5 gallons of turpentine 
per ton of pulp are known, the higher recovery being 
obtained from pine wood containing the highest per- 
centage of heartwood. A fair average figure for avail- 
able oils is considered to be 1.65 gallons per ton of pulp. 
On this basis, there appears to be at present a potential 
supply of nearly 100,000 barrels of turpentine annually, 
but time alone will answer how much turpentine ac- 
tually will be realized from this source. 

Rosin recovery from sulfate pulping operations is 
considerably more difficult technically than is the re- 
covery of turpentine. The soapy curds floating on the 
“black liquor’’ are mixtures of soaps of various resins 
and fatty acids, and the principal problem involves the 
suitable separation of this mixture. There is only a 
comparatively slight difference between the mixtures 
obtained from sapwood and heartwood. The process 
has not been developed sufficiently to permit general 
competition with gum and wood rosin of commerce, 
but the fact that at least one sulfate pulp manufacturer 
is recovering a fair grade of abietic acid from sulfate 
waste liquors indicates the existence of definite pos- 
sibilities. 

About 135 pounds of mixed acids may be recovered 
per ton of sulfate pulp produced, which averages ap- 
proximately 41 per cent. of resin acids. A potential 
production of some 300,000 barrels of rosin thus can be 
visualized from this source. 

Recovery of turpentine from the sulfite pulping seems 
unlikely because the process probably will be confined 
largely to sapwood which contains little of this product. 
In addition, the pinene and related terpenes in the tur- 
pentine are converted to an appreciable degree to cy- 
mene by the acid sulfite liquor. Cymene is the prin- 
cipal constituent in spruce turpentine which has not 
found good competitive markets although it has been 
available for years in small quantities from the sulfite 
pulping of spruce. It has shown promise at times as an 


intermediate raw material, but at present prices no im- 
portant outlets have been developed. 
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USES OF NAVAL STORES PRODUCTS 


It is interesting to note that in early colonial days, 
pitch and tar were the most useful of the naval stores 
products, finding large outlets in shipbuilding and fe. 
pair. This consumption declined rapidly as more 
modern methods of navigation were introduced, an¢ 
other naval stores products gradually assumed more 
prominent positions. 

Comparing turpentine and rosin, turpentine was the 
product of chief importance and value during the early 
period of the industry. Not until 1910 was there suff. 
cient demand for rosin to bring its value to practical 
equality with that of turpentine. Since 1910, the uses 
and value of rosin have increased further, and during 
only seven of the twenty-eight intervening seasons has 
its value dropped below 50 per cent. of the combined 
value of these products. A new high was reached last 
season when rosin accounted for approximately 70 per 
cent. of the value of the combined production. 

Rosin.—During the early days of the industry, 
practically all the rosin consumed was utilized in the 
manufacture of soap. A Civil War record states that 
candles were made from a mixture of beeswax and 
rosin, but undoubtedly this consumption was very 
limited. The soap industry continued to lead the field 
as late as 1900 when the domestic consumption was 
distributed approximately as follows: soap, 41 per cent.; 
paint and varnish, 24 per cent.; paper size, 15 per 
cent.; rosin oil, 9 per cent.; miscellaneous, 11 per cent. 

Today, the paper, soap, and varnish industries con- 
sume about two-thirds of all rosin used domestically, 
with paper leading the group. Rosin meets very well 
the general requirements of a good paper size, namely, 
simplicity of preparation and use on modern paper 
machines, reduction of absorbing power of the paper, 
and lowcost. Asaresult, more paper size is made from 
rosin than from gelatin, glue, casein, starch, and other 
materials combined. 

In recent years especially, the products from the 
naval stores industry have become an important source 
of organic raw material and greater advantage has been 
taken of their strictly chemical possibilities. Thus, 
approximately one-fifth of the domestic consumption of 
rosin today finds its way into various chemicals, phar- 
maceuticals, ester gum, and synthetic resins. 

The isomeric resin acids in rosin, which are unsatu- 
rated and monobasic, react with metals to form soaps 
or salts. One of the oldest practices has been to neu- 
tralize partially the rosin acids with lime or zinc oxide to 
increase its hardness as a means of extending its useful- 
ness in various fields. Cobalt and manganese resit- 
ates, because of their greater solubility in the principal 
drying oils, are somewhat superior paint driers, com- 
pared with many of the soaps of the saturated and ut- 
saturated fatty acids. About 2 per cent. of lead and 
manganese resinate often are added to printing inks to 
give more uniform drying. 

Almost complete neutralization of the rosin acid 
can be attained by its reaction with alcohols to form 
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esters, and many esters are now available which are 
finding outlets in the growing lacquer and thermoplas- 
tic industries. The glycerin ester is known best and is 
commonly referred to in the industry as ester gum. It 
was first made in this country about 1900 by a varnish 
manufacturer for his own requirement, but it was not 
yntil 1914 that the first ester gum plant began produc- 
tion on a commercial scale. Demands for ester gum 
since have increased quite rapidly. 

Rosin and ester gum are used in many synthetic res- 
ins, the most important of which are found in the modi- 
fied phenol-aldehyde group. These resins are oil- 
soluble, and impart to varnish certain desirable prop- 
erties such as quick-drying, hardness, and resistance 
toalkaliand water. Rosin also is added to modify the 
alkyd resins, prepared by condensing polybasic acids, 
such as maleic or phthalic, with polyhydric alcohols, 
such as glycerol. Numerous current literature refer- 
ences indicate the interest shown in using rosin as an 
ingredient in synthetic resins. 

Besides these higher-type varnishes, an appreciable 
quantity of rosin still is used in the production of gloss 
oils, a cheap varnish suitable as a temporary protective 
coating, or as a sizing. 

More recently, hydrogenated rosin and hydrogenated 
rosin esters have appeared for use where greater chem- 
ical stability is required. 

Rosin oil is the most valuable product obtained by 
the destructive distillation of rosin. It has a special 
value in greases because of its low viscosity change with 
temperature. However, petroleum products have 
lessened its outlet as a lubricant ingredient. The oil 
competes with linseed oil in newspaper inks and cheap 
book printing because of its low cost. 

Turpentine.—Turpentine, according to early Ameri- 
can records, was then consumed principally for medici- 
nal purposes. Before kerosene was known, it was 
used sometimes in oil lamps and, while its illuminating 
qualities were good, it was dangerous because of its 
high inflammability. 

The real growth of turpentine has paralleled that of 
the paint and varnish industry in which it finds its 
chief outlet asa thinner. It is especially difficult to ob- 
tain accurate data for the consumption of turpentine 
according to uses because nearly three-quarters of the 
total is sold through retail stores to master painters and 
to the general public. It is estimated, however, that 
probably 80 per cent. of all turpentine consumed do- 
mestically today finds its outlet in paint and varnish 
to help give new life and color to unattractive objects. 

Chemicals and pharmaceuticals occupy the second 
position of importance in the list of uses. One of the 
most interesting chemical syntheses with turpentine as 
a basic raw material is found in the artificial camphor 
industry. The world now no longer need be dependent 
upon the natural product. Shoe polish and shoe ma- 
terials follow as a poor third. 

The distribution of the domestic consumption of 
tosin and turpentine as recorded by various industries 
is shown in Table 7. 
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TABLE 7 


Domestic CONSUMPTION OF ROSIN AND TURPENTINE REPORTED 
BY INDUSTRIES* 














Consuming Industry Rosin Turpentine 
500-lb. %of  50-gal, % of 
bbl. total bbl. total 
Abattoirs 1,600 0.2 —_ == 
Adhesive and Plastics 17,600 1.6 640 0.6 
Asphaltic Products 1,100 aS _ _ 
Automobiles and Wagons 600 ea 540 5 
Chemicals and Pharmaceuticals 119,200 10.8 31,280 29.1 
Ester Gum and Synthetic Resins 111,800 10.1 _ —_ 
Foundries 15,200 1.4 760 PS 
Furniture — _ 560 5 
Insecticides and Disinfectants 4,100 4 530 5 
Linoleum and Floor Covering 27,500 2.5 70 ok 
Matches 2,100 2 _ _ 
Oils and Greases 24,500 re 50 0 
Paint, Varnish, and Lacquers 136,900 12.4 55,990 52.0% 
Paper and Paper Size 340,200 30.8 —_ _— 
Printing Ink 12,800 1.2 270 3 
Railroads and Shipyards 300 .0 4,420 4.1 
Rubber 2,700 2 140 | 
Shoe Polish and Shoe Materials 8,200 PY 10,730 10.0 
Soap 272,800 24.7 10 .0 
Other Industries 4,400 4 1,640 1.5 
Total Industries Reported 1,103,600 100.0 107,630 100.0 
Not Accounted for? 88,100 7.4 335,130 75.7 
Apparent U.S. Total 1,191,700 100.0 442,760 100.0 


* Compiled from 1937-38 Annual Naval Stores Report of the Naval Stores 
Research Division, Bureau of Chemistry and Soils, Department of Agricul- 
ture. Based upon consuming industries using turpentine-or rosin as one of 
several commodities entering into finished products. 

* Considering the great quantities of turpentine used by master painters 
and by the public generally which are not shown by these tables, probably 
at least 80 per cent. of all turpentine consumed domestically today finds its 
outlet in paint and varnish. 

6 Principally unreported distribution through retailers who sell in small 
quantities to ultimate consumer. 


Pine Oil.—The first large industrial application of 
pine oil and its components was their use as a frothing 
agent for the separation of metals in the mining in- 
dustry by the well-known flotation process. Mean- 
while, it has found an important place in all branches 
of the textile industry. Pine oil has also considerable 
value as an antiseptic and healing agent and, conse- 
quently, it is an ingredient of many salves, ointments, 
liniments, inhalants, and other medicinal preparations. 

Miscellaneous.—Many of the terpene hydrocarbons 
and terpene alcohols which may be separated from wood 
turpentine and pine oil were only chemical curiosities a 
few years ago, but since the steam and solvent process 
has been more highly developed through chemical re- 
search in recent years, these components have been 
available in relatively large quantities at moderate 
prices. The result has been that they have found many 
industrial uses. A list of the more important products 
include: pinene, suitable for the manufacture of syn- 
thetic camphor and in the production of special chem- 
icals; dipentene, used chiefly in the reclaiming of rubber 
and for its excellent solvent powers for gums and res- 
ins; borneol, valuable for the production of its esters, 
such as the acetate; fenchyl alcohol, which serves as a 
raw material for production of fenchone, a solvent for 
pyroxylin plastics; and alpha-terpineol which gives 
good results as a raw material for esterification or where 
pleasant odor, high germicidal action, and solvent 
power are desired. 

Polymerized and condensed products, as well as hy- 
drogenated and ozonized terpenes, are other terpene 
chemicals which possess very interesting characteristics 
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and are filling more important positions in the indus- 
trial world. 

Thus, a remarkable transformation has taken place 
since colonial days in the uses for naval stores products. 
Products which originally were associated closely with 
wooden sailing vessels, today contribute to the beauty 
of homes in paint and varnish; to health in disinfectants 
and antiseptics; to the production of metals; to the 
making of paper, soap, and textiles; and even to the 
manufacture of perfumes and incense. This progress 
appears all the more remarkable if one considers that 
many of the valuable products are reclaimed from waste 
stump and fat wood. Furthermore, this part of the 
industry indirectly serves agriculture because the re- 
moval of the stumps from cut-over timberland has re- 
leased thousands of acres for useful agriculture pur- 
poses. To the uninitiated, the story is a fairy tale—a 
modern Cinderella; to the chemist, the story is one of 
chemical research. 


FUTURE OF THE INDUSTRY 


Based upon the experience in the Carolinas, it ap- 
peared at one time that the gum industry was doomed 
to assume eventually a minor réle in the industry. In 
recent years, more complete studies have changed this 
outlook. The quick exhaustion of productivity of the 
tree and, in most cases, its early destruction, is not a 
necessity in the production of naval stores. For many 
years, a system of operation has been followed in France 
that permits a cultivated pine orchard to be worked for 
turpentine for from thirty to fifty years, practically 
without loss of timber. Coupled with this system of 
operation is a plan of management under which a crop 
of new timber is continually growing into maturity to 
fill the gap left by the harvest of mature timber. Asa 
result of such foresight, the French supply of naval 
stores is increasing yearly, both in value and in amount. 

Conservation methods of turpentining in southern 
pine forests have been developed by the Government 
and are in commercial use in some of the national 
forests, and on private holdings of some of the more 
progressive operators. Inertia and lack of initiative 
probably are the reasons why these conservation 
methods have not been in more general use in spite of 
the fact that they make possible, when combined with 
intelligent forest management, a permanent instead of a 
self-destroying industry. 

An interesting comparison with the French system 
can be made. France produces her crop on an area 
measuring approximately 3000 square miles. The 
state of Georgia, which is only one of many states in- 
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cluded in the naval stores belt, has approximately 60, 
square miles. Thus, if only one-fourth of the state af 
Georgia were planted, developed, and worked as 
tematically as the French industry, there would be 
furnished in this area thirty or forty years hence x 
much naval stores products as the entire Southen 
States are supplying at the present time. 

Furthermore, it has been found that when fire anj 
grazing are eliminated, reproduction of the pine fore 
is a comparatively simple process. The first require. 
ment for succession in the forest is a supply of seed ang 
the longleaf pine produces seed at a comparatively 
early stage. One curious fact, however, is that seeds 
come only at intervals varying from four to eight years 
Especially prolific seed years or “heavy masts” haye 
been reported in 1845, 1872, and 1892. The seeds are 
heavy that they cannot be carried far by the wind and 
therefore it is important that seed trees be left at not 
too great distances apart when the land is cleared. 

The greatest danger confronting the industry today 
is not one of exhaustion of raw material, but one of 
over-production. The problem is being met by exten. 
sive research programs initiated in both private and 
Government laboratories directed toward developing 
new uses for naval stores products and their derivatives, 
Offsetting lower demands resulting from the continua 
introduction of competitive products is no small task 
in itself. Thus, the future of the naval stores industry 
will depend in no small measure upon how effectively 
the outlets for its products can be maintained and in- 
creased. 
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If absolute loyalty to truth, involving complete self-abnegation in face of evidence, be the ideal aim 
of the scientific inquirer, there have been few men in whom that ideal has been so perfectly realised as in Hucley. 
If ever he were tempted by some fancied charm of speculation to swerve a hair's breadth from the strict line of fact, the 
temptation was promptly slaughtered and made no sign. For intellectual integrity he was a spotless Sir Galahad. 
I believe there was nothing in life which he dreaded so much as the sin of allowing his reason to be hoodwinked by 
personal predilections, or whatever Francis Bacon would have called “idols of the cave.’’—JOHN FISKE 
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The PROGRESS of ORGANIC 
SULFUR CHEMISTRY 


E. E. GILBERT* 


Yale University, New Haven, Connecticut 


A general review is presented of fundamental develop- 
ments in biological, medicinal, and industrial organic 
sulfur chemistry for those who have completed one year of 
orgamic chemistry. Under “biological” are discussed 
he importance of sulfur in proteins (in insulin, in the 
process of denaturation, and in producing elasticity), 
in cell proliferation, and in vitamin By. 

Under ‘‘medicinal’’ are discussed the sulfonamides and 
te thiobarbiturates. Insecticides are included here. 
> 


+ + 


NTRODUCTION of sulfur into the organic molecule 

has in the past led to compounds with specific 

properties extraordinarily useful to man. Most 
students of elementary organic chemistry are familiar 
with such widely known and striking instances as 
saccharine, mustard gas, the sulfonal group of hyp- 
notics, and the antiseptic chloramine T. When such 
compounds are brought to mind, it does not seem sur- 
prising that an element giving rise to such valuable 
products might yield others equally useful. The pur- 
pose of this review is to indicate, in general outline, 
some of the lesser known but perhaps equally interest- 
ing and useful compounds of sulfur, particularly in the 
light of biological and industrial developments within 
the past few years. No attempt at complete coverage 
will be made; references to different fields will be cited 
in number sufficient to suggest that the organic chem- 
istry of sulfur should be accorded the dignity of a 
separate category such as has already been attained, 
for instance, by the arsenicals. 

For a number of reasons the organic chemistry of 
sulfur has undergone a recent rebirth. Biological 
discoveries suggest that sulfur-containing compounds 
are essential to the development of every living cell. 
Not only is sulfur present in the fleshy or protein 
portion of the body, but it is an essential element of one 
of the vitamins. No form of life could exist without 
sulfur. 

An especially strong impetus to research on sulfur 
compounds has come from the petroleum refiners, who 
consider the large amounts of sulfur compounds 
Present in their crudes to be undesirable impurities 
which must be removed to yield a salable product. 
The tons of highly reactive sulfur-containing com- 
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Under ‘‘industrial’”’ are mentioned sulfur compounds 
in petroleum, sulfur dyes (thioindigoids, sulfone- 
phthaleins, and sulfide type), detergents, syntans, sulfur 
plastics (Thiokol, polysulfones, thiourea types, and sul- 
fonamide types), and rubber accelerators. Formulas of 
the general types discussed are included. Emphasis is 
placed upon general properties due to presence of sulfur 
in the molecule. Twenty-one references are cited to basic 


papers. 


++ + 
pounds so produced daily provide a tempting prospect 
for the industrial research chemist. A rapidly growing 
outlet for sulfur compounds of a type which may be 
produced easily and directly from these occurring in 
petroleum is found in the textile finishers and dyers, 
who are demanding increasing quantities of detergents 
and wetting agents which contain the sulfonic (-SO3H) 
grouping. From another quarter has come the dis- 
covery that sulfur compounds are useful drugs, and 
from still another that they yield useful plastics. In 
the following review the biological aspects will be taken 
up first; later the medicinal and more purely indus- 
trial aspects will be discussed. 

Before proceeding to the more specific results ob- 
tained from recent research, it seems well to consider 
the properties of sulfur compounds as compared with 
their oxygen analogues. Nearly all organic textbooks 
point out that oxygen and sulfur form similar types of 
compounds. Parallels are indicated between the mer- 
captans and the alcohols, between the thioethers and 
the ethers, and between the thioacids and the oxygen 
acids. Such an analogy is exceedingly useful when com- 
paring the structures of the simpler types of oxygen 
and sulfur compounds. However, sulfur differs from 
oxygen in that it is capable of forming stable compounds 
in several higher valences, and it is upon this property 
that the usefulness of sulfur so largely depends. When 
we approach the realm of physical and physiological 
properties there seem to be few analogies. Almost 
none of the compounds considered here could be re- 
placed by its oxygen analogue. A striking example is 
found in the contrast between dichlorodiethyl ether 
((CICH2CH2)20) and its thio analogue. The former 
finds application in tremendous quantities as a solvent 
for refining in the petroleum industry, while the second 
is the toxic and vesicant mustard gas. As research in 





the more applied branches of sulfur progresses, it 
becomes increasingly evident that oxygen and thio 
compounds should be classed separately. 


SULFUR IN BIOLOGY AND MEDICINE 


Biologically sulfur is more commonly found in the 
form of an —SS— or an —SH group. Thioethers also 
occur widely. The researches of Dr. F. S. Hammett 
(1) over a period of years have led to the conclusion 
that the —SH or —SS— group is essential in the im- 
portant process of cell proliferation. When the con- 
centration of the —SH group is increased artificially 
by exposing the living being to a compound containing 
this configuration, a marked increase in the velocity 
with which cells multiply is noted. Practical applica- 
tion has been made of this to accelerate the healing of 
wounds. Hammett feels that there may be some re- 
lationship between this function of sulfur and cancer, 
since the problem involved here is one of uncontrolled 
cell proliferation. He has carried out an extensive 
series of researches, the results of which strengthen his 
theory of the essential réle of the —SH and —SS— 
groups. However, his theory cannot as yet be con- 
sidered established. It is interesting to note that the 
higher valences of sulfur (diphenyl sulfone (CsHs)2SOz, 
was used) produce a retarding effect upon the velocity of 
cell proliferation. 

Many proteins contain small percentages of sulfur. 
When they are broken down by hydrolysis into their 
constituent amino acids, the sulfur is often found as 

‘ie 
cysteine (HSCH,CHCOOH), or as its oxidation prod- 
NH: 
uct cystine ((—SCH:CHCOOH)s:). Occurring less 
NH: 


widely are homocysteine (HSCH:CH2,CHCOOH), and 
its S-methyl ether, methionine. Cysteine is an essential 
amino acid, and all cells contain a tripeptide called 
glutathione of which cysteine forms a part. Gluta- 
thione appears necessary for cell growth, and the 
cysteine portion of the molecule cannot successfully 
be replaced by any other amino acid. 

Insulin contains considerably more sulfur than most 
proteins. The exact structural nature of insulin still 
remains as problematical as that of other proteins, 
but this has not prevented its purification and profitable 
use in the treatment of diabetics. Recent researches 
(2) have shown that the activity of insulin is to a great 
extent dependent upon one or two —SS— linkages in 
the large protein molecule. When these are reduced to 
—SH groups the activity of the insulin is decreased by 
one-half. An unsuccessful attempt was made to re- 
store the activity of the insulin by oxidizing these 
—SH groups back to —SS—. 

The proteins, horn, hair, wool, and muscle all contain 
sulfur as an essential ingredient. A common’ property 
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of these proteins is their extraordinary elasticity, 
Silk is relatively non-elastic, and no sulfur is found jy 
silk. The reason for this property is not yet known jy 
full, but the results of recent X-ray studies suggey 
that the sulfur may in part explain it (3). Interpretg. 
tion of the X-ray patterns shows that the protein 
molecules lie side by side like long chains; group, 
protruding from these chains connect them like the 
rungs of a ladder. It may be that when these connect. 
ing rungs are —SS— groups, the property of elasticity 
is produced. Therefore it seems possible that aj 
muscular movements involve some change, as yet not 
completely characterized, in disulfide linkages. 

Another important property of proteins is that of 
denaturation. This process has long baffled biochem. 
ists and it has not yet been settled. In the case of wool 
it does seem clear that the process of denaturation, 
like that of stretching, involves a change in the —S$— 
linkings (4). Their destruction by oxidation denatures 
the protein and destroys its elasticity. A common 
example of denaturation involving a change in sulfur 
bonds is found in a boiled (denatured) egg in which free 
hydrogen sulfide is always evident. 

One of the most interesting sulfur compounds to 
come to light recently is vitamin B;. Despite the in- 
volved structure of this essential substance, its nature 
has been fully elucidated, and now it is being syn- 
thesized on a large commercial scale and placed on the 
market for general medical use. Complete physiological 
studies of this vitamin have not as yet been completed, 
but it does seem certain that the presence of this 
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interesting sulfur-containing compound is essential for 
the normal functioning of our nervous systems (5). 
Lack of vitamin B,; produces the disease known as 
beriberi. 

Medicinal Products.—Sulfur compounds have always 
stood high on the list of the physician’s most useful 
tools largely because of the effectiveness of the sul- 
fonals as hypnotics and the chlorsulfonamides as 
antiseptics. The undoubted value of sulfur in thera 
peutics has in the past led to continual research om 
compounds containing it. One interesting fruit of this 
research was Intramine, which was claimed to be 


effective in the treatment of syphilis (6). Intramine 
was evidently synthesized with the structure of sa: 
varsan in mind. 
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Activity in medicinal sulfur research was never 
really intense until the report in 1935 by Dr. Domagk, 
the chemotherapist of the German Dye Trust, that 
certain dyes containing sulfonamide groupings proved 
efective against many types of streptococcus without 
damaging the host. A number of related sulfonamides 
were synthesized by Dr. Horlein of the Trust’s syn- 
thetic department, and one compound called Prontylin 
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proved as effective as the more complicated dyes in 
spite of its much simpler structure and complete lack 
of dyeing properties. (The germicidal action of some 
compounds is thought to be linked with tinctorial 
properties.) It is interesting to note that Prontylin 
had actually been synthesized as long ago as 1908 
during an investigation to determine the effectiveness 
of certain groups in making dyes cling to textile fibers. 
Not until twenty-seven years later were its remarkable 
germicidal properties discovered. 

Although it may still be too early to generalize upon 
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‘ok the effectiveness of the sulfonamides as a class, enough 
om he data has already accumulated to suggest that they may 
oleted be specific for many types of infection caused by 





streptococcus (small bacteria). A great many serious 
diseases may be included under the category of strepto- 
coccus infections, among them childbed fever, septic 
angina, and erysipelas. If such does prove to be the 
case, the discovery of the therapeutic value of the 
sulfonamides may prove to be one of the far-reaching 
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pharmacological discoveries. The success of Prontylin 
has led to a flood of patents on compounds containing 
sulfur with a view toward obtaining even more active 

‘al for @ 20d less toxic drugs. (Prontylin has recently been 

s (5). found to attack the white blood corpuscles.) 

wn as One of the most interesting recent advances is the 
discovery of the hypnotic action of the thiobarbiturates. 

lways | ver since the barbiturates were first introduced into 

sseful § Medical use (1903) a strong feeling has existed that the 
> gul- | tresponding thiobarbiturates were lethal and com- 

»g as § Pletely unsuited for medical use. This prejudice may 

hera- & Jave arisen from the brief statement by Fischer and 

hon @ Mering that a dog died as a result of a single injection. 

f this § That the thiobarbiturates should not have been more 

o be @ ‘thoroughly tested seems all the more strange when it 
is considered that the corresponding thio compounds 
are often prepared as intermediates in the synthesis 
of the barbiturates. Thiourea is condensed with a 
malonic ester by the usual reaction, and the resulting 
thiobarbiturate is desulfurized to a barbiturate: 

; NH——CO NH——CO 

mine | | LR | | R 

“ s=cC CC '—»0=C i 
| | ‘R | | ‘SR 
NH CO NH——CO 

















525 


It was not until recently that the true value of the 
thiobarbiturates was discovered. It was found (7) 
that in general those barbiturates which had desirable 
properties also worked well when the oxygen was re- 
placed by sulfur. The thiobarbiturates are less stable 
than the barbiturates and are consequently broken 
down faster in the body, with the result that their action 
is quite brief compared with the oxygen compounds. 
Their action seems as intense during the period of 
shorter duration. This slight alteration of properties 
resulting from the replacement of oxygen by sulfur was 
deemed highly desirable from a medical standpoint, 
and upon announcement of this discovery there was an 
immediate flurry of research by a number of leading 
drug houses. 

Insecticides.—By placing sulfur in molecules of 
different configurations from those active in healing, 
it is possible to produce compounds highly toxic to 
certain forms of life. According to a recent survey (8), 
the organic sulfur compounds are demanding increas- 
ing interest as insecticides. The insecticide molecule 
should possess a high degree of specificity, since it is 
desired to poison the parasite without damaging the 


host. Phenthiazine, 
ga 
>? S PA 


cheaply and directly made from diphenyl amine and 
sulfur, even shows promise of replacing lead arsenate 
for some insecticidal purposes. Many sulfur com- 
pounds have been found to equal or to surpass nicotine 
in effectiveness; nicotine and lead arsenate have both 
found steady use as standard insecticides over a long 
period of years. Among the types of sulfur compounds 
which have been investigated are the thiocyanates 
(RSCN), and the mustard oils (RNCS). The thio- 
cyanates in particular are attracting industrial atten- 
tion since they are easily and directly made from mer- 
captans found in petroleum by the following reaction: 
RSH + CICN — RSCN + HCl 


SULFUR IN INDUSTRY 


An especially strong impetus in the development of 
organic sulfur chemistry has come from the petroleum 
refiners. The sulfur content of crude oils varies from 
0.2 per cent. to 5 per cent. (9). The sulfur is present 
in many varying forms—as elementary sulfur, hydrogen 
sulfide, or carbon disulfide—or organically combined 
in the form of mercaptans and their derivatives such as 
thioethers and disulfides. Small amounts of more 
complex organic sulfur compounds also occur in crude 
oils. It has been estimated (10) that one hundred 
fifty to two hundred tons per day of mercaptans alone 
could be obtained as a by-product of refining. The 
sulfur compounds of petroleum not only can be isolated 
—they must be removed to render the product attrac- 
tive to the customer. It does not seem strange that the 
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oil companies should encourage the pursuit of mer- 
captan research. 

If the refiners are anxious to dispose of an undesirable 
product, the textile manufacturers are equally anxious 
to purchase sulfur compounds of a different nature. 
Some of the best dyes are made with the help of sulfur, 
and sulfur-containing detergents and penetrating 
agents are employed in enormous quantities in many 
textile operations. It is interesting to note that the 
latter class may be produced from the type of sulfur 
compound which the refiners are at present throwing 
away as undesirable. 

Dyes.—Although indigo has led the field continu- 
ously over a long period of years as the dyestuff used in 
largest tonnage, the less widely publicized sulfur black 
has maintained a consistently close second. In the 
year 1936, no less than 14,600,000 pounds of sulfur 
black were produced (11); yet the chemical constitu- 
tion of this valuable product is so complicated that it 
has never been elucidated. It is produced very cheaply 
by fusing sodium polysulfide with dinitrochlorobenzene 
or related compounds. Exactly what occurs in this 
reaction is unknown, but by a complex series of oxida- 
tion-reductions and condensations, a compound con- 
taining both nitrogen and sulfur is finally obtained. 
The sulfur dye is dissolved in sodium sulfide solution 
in which the cloth to be dyed is then immersed. Upon 
exposure to the air oxidation occurs and the color is 
precipitated fast upon the fibers. In spite of their 
problematical structure it has been possible to develop 
a uniform type of product, and for years the sulfur dyes 
as a class have seen wide use at a cheap cost of manufac- 
ture. They offer a great variety of colors for the dyeing 
of cotton—yellow, green, tan, blue, orange, and black. 
This wide range of color seems quite remarkable; 
from analogy with other types of dyes it might be 
expected that the members of this same family of sulfur 
dyes might possess differing shades of the same color. 

Another class of sulfur dyes known for their unusual 
properties is the thioindigoids. They are of known 
and fairly simple constitution; they possess a sulfur 
instead of the —_NH— group present in indigo and its 
derivatives. The placing of substituents in the indigo 
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molecule has the effect in most instances of deepening 
the color already present in the parent molecule. How- 
ever, the thioindigoids offer a case similar to that of 
the sulfur dyes of unknown constitution. Instead of 
deepening of shade a complete color change may be pro- 
duced. For example, by merely altering the position of 
ethoxyl groups in the thioindigo molecule the color may 
be shifted from bright orange to dark violet. The pro- 
found influence of the sulfur atom in producing color is 
shown by the interesting observation that similar mole- 
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cules containing oxygen instead of sulfur are not dye, 
stuffs at all. 

A third type of sulfur-containing dye is finding jp. 
creasing use as indicators where accurate determination 
of pH is necessary, Although many of the older stang. 
ard indicators are still completely satisfactory for many 
purposes, a great advance was made with the introdye. 
tion of the sulfonephthaleins (12). The sulfonephtha. 
leins are similar in structure to the familiar phenol. 
phthaleins, except that a SO: group is substituted for 
a CO group: 


OH 
| 
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A number of bromo-, chloro-, and iodosulfonephthaleins 
are on the market as indicators. 

Detergents and Wetting Agents.—The only practical 
method of conferring the properties of a strong acid 
upon an organic molecule is by introduction of the 
—SO;H or the —OSO3H group. (The —COOH group 
is by comparison weakly acidic.) The presence of the 
sulfonic group tends to produce easy solubility in water; 
the larger the organic group the less the solubility in 
water. By varying the organic portion of the sulfonic 
acid or sulfate, it is therefore possible to produce any 
degree of solubility. 

It is easy to see why the sulfonic group is so often 
introduced into the molecules of dyes. Not only does 
it tend to render the large dyestuff molecule more 
soluble, but the addition of such a highly reactive point 
makes it easy for the dye to cling to the textile fibers. 

The textile industry has for many years employed 
empirical methods of producing wetting agents, or sub- 
stances which allow moisture to penetrate the fibers 
and cling to them. A standard wetting agent, known 
as Turkey Red Oil, is produced by treating castor oil 
(a triglyceride of a long-chain fatty acid) with strong 
sulfuric acid. Sulfonic groups were introduced into 
the castor oil molecule by this procedure. Considering 
the tons of Turkey Red Oil employed annually, it seems 
strange that no serious effort was made until fairly re- 
cently to elucidate the exact structure of the sulfonated 
oils (13). 

Another series of wetting agents has come as a by- 
product of petroleum refining. During the process 
of refining it has been a common practice to treat the 
petroleum with strong sulfuric acid. By this process 
the hydrocarbon constituents to some extent were stl- 
fonated, producing a mixture of sulfonic acids which, 
although unknown in composition, proved useful i 
the textile industry. 
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The manufacture of these compounds has always been 
empirical, and the need was felt for better and cheaper 
wetting agents of definite composition. At the same 
time the launderers and textile finishers were demanding 
acleaner (or detergent) superior to soap. Soap cannot 
be used in hard water, since the calcium and magnesium 
alts of the soap fatty acids are insoluble. Besides, 
soap is not as efficient a cleanser as might be desired. 

A study of the problem revealed that the only prac- 
tical solution to both these problems lay in blocking 
the -COOH of the soap acid molecule at the same time 
introducing an —OSO3H group. (The sodium salt was 
actually used.) A number of methods were employed 
to accemplish this. Perhaps the most interesting is 
the one involving reduction of the —-COOH group of 
the fatty acids, made by saponifying cocoanut oil, to 
the corresponding —CH,OH group. This alcohol was 
then reacted with strong sulfuric acid to give —CH:- 
0S0;H, which as its sodium salt is the active constitu- 
ent of ‘‘Dreft’’ and the shampoo, “‘Drene.’”’ The first 
step involving the reduction of the —COOH group 
caused the most difficulty; finally it was worked out 
by operating in the presence of a catalyst under high 
pressures of hydrogen. In this way alcohols were ob- 
tained using naturally occurring oils such as cocoanut, 
sperm, or tallow for starting materials. The alcohols 
used to make detergents and wetting agents usually 
contain from eight to nineteen carbon atoms. The 
higher members are good wetting agents but poor de- 
tergents, and the opposite is true of the lower members. 
Recent research (14) has shown that if the —OH group 
to which the sulfate is attached is placed toward the 
middle of the long hydrocarbon chain rather than at 
the end (as in the previous case), wetting agents are 
produced which are far superior to any yet known. Ap- 
parently almost any type of colloidal or surface proper- 
ties may be produced by varying the type of carbon 
compound employed. The calcium and magnesium 
salts of these alkyl sulfates are soluble at laundering 
temperatures even in sea water; the sodium salts are 
much better cleansers than ordinary soap, and they do 
not injure the most delicate fabrics. 

Another series of sulfonic acids with pronounced col- 
lbidal properties are the so-called ‘‘syntans,” which 
came into use in Germany and England as early as 
1912 (15). They are made by condensing a phenol sul- 
fonie acid (cresol and naphthol sulfonic acids are also 
used) with formaldehyde in the presence of an acid 
catalyst, or condensing agent. Derivatives of dipheny]l- 
methane are thus produced: 


They are widel* used in conjunction with natural tan- 
ling extracts, .e advantage lying in-a marked shorten- 
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ing of the tanning time. The syntans are employed 
with great success where a light shade is required. 

Resins and Plastics—One of the most characteristic 
properties of sulfur in its low valences is high unsatura- 
tion. The formation of sulfonic acids is one aspect of 
the relieving of this unsaturation. A more unusual 
aspect is the formation of a resin. Even elementary 
sulfur, if heated slightly above 172°C., forms a highly 
viscous, resinous, orange-colored substance (16). Upon 
cooling or upon heating much above this temperature 
the resinous properties disappear. Although sulfur 
probably could not be used as a practical resin, it is 
interesting to note that it is formed by the same type 
of reaction as Bakelite and other common synthetic 
plastics. 

Even when sulfur possesses a valence of four it re- 
mains strongly unsaturated. This fact was beautifully 
illustrated by the observation that sulfur dioxide and 
olefins can react to yield polymers which are saturated, 
the sulfur rising to a valence of six in the process. For 
example, from propylene and sulfur dioxide it was pos- 
sible to produce a polysulfone with no carbon-carbon 
double bonds (17). These polymers dissolve in organic 
solvents; if the solution is poured on a surface and the 
solvent is allowed to evaporate, a tough transparent 
film is produced. Since the raw materials are cheap, 
it seems possible that these polysulfones may find wide 
application. 

No review of sulfur plastics would be complete with- 
out mention of a new type of rubber substitute termed 
Thiokol. By reacting ethylene dichloride (or any other 
aliphatic dichloride) with sodium polysulfide, a tough 
rubbery mass is obtained which for many purposes is 
superior to natural rubber, especially for contact with 
petroleum products which dissolve natural rubber (18). 
The Thiokols are tetrasulfides of the type (—CH:— 
il a By varying the type of dihalide em- 
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ployed it has been found possible to produce compounds 
with different desirable properties. The Thiokol ob- 
tained from dichlor diethyl ether is remarkable in that 
it has the liveness, elasticity, and strength of ordinary 
rubber, and in that it may be vulcanized. When the 
two ‘‘side’”’ sulfurs are removed leaving a disulfide link- 
age, all elastic and rubbery qualities are lost, but these 
may be replaced by heating the disulfide with sulfur 
to restore the tetrasulfide structure. It thus becomes 
possible to create and destroy elasticity at will and with 
compounds of known structure merely by taking ad- 
vantage of the polyvalence of sulfur. (See earlier re- 
marks on the stretching of muscle.) A closer study of 
this interesting change may lead to a more fundamental 
understanding of the whole problem of elasticity. Thio- 
kol is being produced on a large scale today. However, 
in common with many other sulfur compounds, it 
possesses an objectionable odor, and only when this 
problem is overcome may Thiokol become a household 
article. 

The previously mentioned resins all owe their proper- 
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ties to the polyvalence of sulfur. In a type known as the 
sulfonamide class such is apparently not the case. In 
the manufacture of saccharine large amounts of /p- 
toluenesulfonyl chloride 

CHs 


4 


$0;Cl 


are inevitably obtained as an undesirable by-product 
together with the ortho compound 


CH; 
SO0;Cl1 


desired for making the sweetening agent. As is usually 
the case in industry, an attempt was made to find a 
use for the large amounts of unused para product. It 
was found that by reacting the para sulfonamide (ob- 
tained by reacting the sulfonyl chloride with ammonia) 
with formaldehyde, a synthetic resin was obtained with 
two properties highly desirable in a resin—solubility 
and fusibility. Further research with different kinds 
of sulfonamides was then undertaken (19) in an attempt 
to find other types which might yield useful resins with 
formaldehyde. As a result of this investigation, it is 
now possible to obtain sulfonamide resins of almost any 
degree of hardness and adapted to a wide variety of 
uses. 

Resins obtained by condensing urea with formalde- 
hyde have attained wide usage. Many everyday ob- 
jects are made from this plastic—radio cabinets, clocks, 
buttons, dishes, and so forth. Even prior to the dis- 
covery of urea plastics it was found possible to obtain a 
resin from formaldehyde and thiourea. Resins of useful 
properties could be so obtained, but their adoption has 
proved slow in the face of the cheaper and equally satis- 
factory urea plastics. Perhaps when a method is dis- 
covered to make the thiourea-formaldehyde resins 
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harden more quickly such will no longer be the cage, 

Rubber Chemicals.—Almost one hundred years ago 
Goodyear discovered the process of vulcanization by 
heating rubber with sulfur. The mushroom growth of 
the rubber industry since then has been based on sulfy 
and sulfur compounds. It might, therefore, be g. 
pected that sulfur chemistry would have received q 
tremendous impetus in an attempt to find better sulfy 
compounds for the treatment of rubber. But such was 
not the case until the fairly recent period of organize 
research in the rubber laboratories. A salable product 
was produced by the empirical process, and for year 
no attempt was made to improve upon it. 

In the vulcanization of natural rubber with sulfur it 
was observed that this process occurred most easily 
and quickly in the presence of an ‘‘accelerator.” The 
first research on accelerators was hit or miss, but now 
it is known that they function as catalysts in that they 
unite with free sulfur to form an unstable compound 
and then pass it on to the rubber molecule in a more 
reactive form, the accelerator molecule being regener- 
ated and re-used (20). The whole process of vulcaniza- 
tion thus depends upon the inherent unsaturation of 
low-valent sulfur. Organic compounds containing 
large percentages of sulfur have always proved the most 
efficient accelerators, and every year sees the prepara- 
tion of an increasing number of possible useful products. 
One substance, called mercaptobenzothiazole, has been 
found particularly useful as an accelerator. 


; aN 
ki C—SH 
a 


During 1936 four million dollars worth of this compound 
was sold to rubber manufacturers in this country (LI). 
Other types of compounds used as accelerators are: 
dithiocarbamates (RNHCSSR’), dithio acids (RCSSH), 


and trithiocarbonates (R2CSs3) (21). Some of these 
compounds are so active that they produce rapid vul- 
canization even at room temperature. 
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OST teachers in the rush of routine work have, 

on occasion, given some student the same 

“make up” examination as that used a few days 
previously for the regular examination. Such teachers, 
iff questioned, would probably insist that that was 
not their routine practice. Or it may be that we 
recall a report by some teacher colleague of “‘spring- 
ing” the same examination a second time upon some 
delinquent student with the result that a lower grade 
was achieved upon the last paper than on the first. 
Such stories usually close with a semi-apology for 
having used the same examination more than once. 
From answers to a questionnaire referred to in a 
previous paper! thirty-five per cent. of the teachers who 
replied stated that they never used “old examination 
questions’ in preparing new tests. It appears that 
tradition has built up a mental set, on the part of some 
teachers, against re-use of examination questions. 
In common with other traditions this may need a 
critical examination before it is accepted as desirable 
or undesirable. 

Experience is generally considered valuable, even 
when the results are negative. In the present case this 
principle finds many skeptics as regards its application 
loexaminations. Experience as recorded in textbooks, 
in laboratory manuals, in work-books, and books on 
chemical syrithesis is valuable; it can be used again 
and again with profit. That which is recorded in these 
has been found workable; it brings results. But 
amination questions, according to tradition, are 
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never to be re-used. Many teachers believe that it is 
better to formulate a new question rather than to 
re-use a question which experience has shown to be a 
good one. In fact, some would go so far as to consider 
such a re-use a reflection upon the industry and charac- 
ter of the user. Is such an attitude correct or justifiable? 

From the questionnaire referred to above it was 
learned that sixty-five per cent. of the teachers re- 
sponding did re-use examination questions. Evidently, 
since they confess to such a practice, they must con- 
sider experience gleaned from one use of a question of 
value in its later use. They probably subscribe to such 
practice because they believe experience gained by one 
trial to be valuable in the revision of such questions for 
later use. It can be shown that, by repeated use, 


‘such questions may be evaluated for degree of difficulty 


and for the validity of their measure of pupil success 
in chemistry. In other words, examination questions 
may be edited for use much as textbooks may be im- 
proved by revision or laboratory manuals may be chosen 
or discarded for laboratory use according to the diffi- 
culty and reliability of their experiments measured by 
the performance of the students. If certain specific 
questions give reliable evidence of student under- 
standing and achievement then those questions, like a 
thermometer, may profitably be used more than once 
for measurements. 

One sort of experience which the trial of examinations 
may give has to do with the types? of questions which 
are. most satisfactory in measuring student achieve- 
ment. There is evidence’ that teachers are experi- 
menting in the use of different test forms. The method 


2 TELLER, J. D., ‘‘The integration of some forms of multiple 
choice tests for instructional purposes,” Science Educ., 22, 189- 
94 (Apr., 1938). 

3 HEeNpRICKS, B. C. AND B. F. HANDoRR, Joc. cit., 179. 
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of evaluating such experience in terms of the generally 
accepted essay form has been described.‘ In general, 
it may be stated that short answer forms have been set 
up which distinguish between the achievement of 
students of differing abilities in chemistry with as 
great precision as do essay examinations. This con- 
clusion, however, is based upon the correlation of 
scores on whole short answer examinations with those of 
corresponding whole essay examinations. Many teach- 
ers do not care to give a standardized examination 
in its entirety. They would prefer to set up their own 
examination. The aim of this paper is to suggest a 
method of satisfying this desire to construct one’s 
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addition the scatter chart gives an indication of the 
question’s selectivity, 7. e., the degree to which it wil 
show the gradation in responses of the students, Jp. 
cidentally, it also measures the precision of the reader's 
comparison of the student’s answer with his standard 
answer. In the course of the past ten years over q 
thousand questions have thus been charted for their 
median grades and filed for subsequent use. 

The principal uses made of these files are threefold, 
“Make-up” examinations always involved few sty. 
dents. The teacher prefers that such an examination 
be of about the same degree of difficulty as that of the 
regular examination. With this magazine of ‘‘rated’ 











+Topic, Catalyzer. Date, 11/4/27. Lec. Hr. 9:00. Ques. No. 2. Question will be placed here. 


For the demonstration: ‘‘The effect of a catalyzer upon oxygen production,”’ briefly answer the following: 


1. (3) What was done? 2. 


(3) What two results were observed? 3. 


(4) What did each of these results mean? 


DISTRIBUTION OF RATING 


Omitted + 1 : : 4 4+ 


Total 29 3 2 8 6 6 16 6 5 


6 5+ 6 64 7 7+ 8 8+ 9 9+ 


10 4 1 aa so i | 5 ad l 





Total number of papers, 131. Median, 5. Reader, B. C. Hendricks. Number omitted, 29. Number of students’ answers, 102. 
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own examination and yet be fairly certain that its use 
will give a dependable indication of student under- 
standing and achievement. 

One of the authors remembers a former teacher 
whose classroom notebook always had a number of 
examination questions in its appendix. When ques- 
tioned the owner of the notebook confessed that he 
had found that those particular questions were always 
very successful in revealing the student’s understanding 
of the subject-matter being examined. Throughout 
his successful teaching career he made use of those 
questions from time to time in his examinations. Those 
questions might, without impropriety, be called his 
masterpieces and, as such, be prized as a valuable 
part of his “tools of teaching.”’ 

Some years ago one of the authors began a scrap- 
book of examination questions. After the collection 
was started it occurred to him that it would be very 
helpful if a measure of the student’s success on each 
question could be ascertained and recorded with the 
question. To secure such an index the form shown in 
Figure 1 was devised and mimeographed. 

This form is merely a means for quickly getting a 
scatter chart for the grades on the answers for any 
given question. Originally the primary purpose for 
the use of the form was to get the median grade 
on a hundred or more answers to the question. In 


*‘ FrutcHey, F. P. anp B. C. HENpricks, ‘‘Constructing and 
validating examinations,’ J. Cuem. Epuc., 15, 40-3 (1938). 


questions available, questions of the proper degree of 
difficulty as well as on the proper topics are brought 
together for testing the students who missed the 
regular examination. 

Does the outcome of such a make-up examination 
prove to be the expected? Figure 2 indicates in a 
graphic manner something of the degree of agreement 
of medians of second use of the question with its 
first use. 

In twenty-seven of these eighty-three questions, 
shown in Figure 2, the second use gave the same 
median as the first; and sixty-nine per cent. of the 
questions brought a second median within ten per 
cent. of the first median. Surely that is a very great 
deal more certain outcome than the principles of 
probability would predict from random sampling. 

The second use made of the magazine of questions is 
in the construction of examinations for chemistry 
groups of fewer students than the number necessary to 
safely assume a normal distribution of their examina- 
tion grades. For a number of years one of the fresh- 
man chemistry lecture groups of students at the 
University of Nebraska was only about fifty in number. 
For that group monthly and final examinations were 
always prepared as described above for ‘‘make-up” 
examinations. By such a plan the examination for 
the smaller group could be made to match very closely 
the difficulty of the examination for the larger group— 
a very effective means of preventing complaints that 
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“heir examination was easier than ours.” This also 
greatly aided the teacher in keeping the grades of the 
(wo groups upon a comparable basis. 

A third use made of this deposit of rated examination 
questions is for short classroom tests. Some colleges 
group their students both in the laboratory and for 
dass work according to the student’s aptitude for 
success in the course. When such a plan is followed the 
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FicurE 2,—How WELL ScorRES IN A SECOND USE IN 
AN EXAMINATION AGREED WITH THEIR USE IN THE FIRST 
EXAMINATION 


teacher of the slow groups is always in danger of 
lowering his standards to fit the attainment of the 
group. Adapting instruction to a group’s level may be 
desirable, but it is a different matter when the question 
isone of altering the standard of success in the whole 
course. Test questions, rated as previously indicated, 
are very helpful to the teacher and the students in the 
sow groups. The use of rated questions enables such 
students to sense their success in comparison with the 
median attainment of the larger more representative 
group. If the teacher becomes doubtful of his class 
grades for these students, pre-rated questions help. 

Last year we began to note a second characteristic 
of questions put into the files, 7. ¢., their validity. The 
procedure used in estimating validity is similar to that 
suggested by the committee on college tests for physics.° 

Figure 3 illustrates graphically the relationship of a 
given question’s score to the total test score for that 
examination. 

An analysis of the information in Figure 3 indicates 
that a number, fifteen per cent., of the students scoring 
high in the test as a whole did poorly upon this ques- 
tion, while eight per cent. of the students scoring low 


“The 1933-1934 college physics testing program,” The 
American Physics Teacher, 2, 135 (1934). 
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on the whole examination did well on this question. In 
other words, this question did not distinguish with 
certainty between the poor and the better students. 
The median on this question shown in Figure 4, is 
70 which is satisfactory. The distribution upon the 
scatter chart as shown in Figure 4 is quite acceptable, 
yet its questionable validity deletes it from our list of 
best questions. It does not give good differentiation 
between good and poor students. 

Figure 5 illustrates a question whose validity in 
terms of the total examination score is more satis- 
factory. If the total examination distinguishes be- 
tween good and poor students, this question does like- 


Total Test Score 


10 9* 9 S* St" 7 66 5" 64" 423"°S 2" 2 








10 i 


9*| * 
Goaed grades by 
9 peor sludents 8% 


ie) 
4 





“I NI a 
ao 





an o 
+ + 


or 


Poor grades 
b af 

A are et 
sludents 157e 


2 
4 


+ 


Score on Question Four 


4 
4 


Qe & 
4 





to 
+ 


= ) 


FIGURE 3.—ILLUSTRATING A QUESTION OF PooR VALIDITY 











wise. The students who achieved good scores on the 
total examination received good scores on this question 
and students who did poorly in the whole examination 
did poorly with this question. The median rating on 
this question was 65 and the distribution of its grades 
approaches the normal curve. In this case, judged by 
difficulty and validity, a good question has been 
found. 

Recently, the request has come to expand this 
magazine of evaluated or semi-standardized questions 
and make them available for the teachers of college 
chemistry of other institutions. To accomplish such 
expansion and standardization would require the 
coéperation of teachers of college chemistry in many 
colleges and universities. 

This coéperation might take either of two forms. A 
group of teachers of different institutions might agree 
to collect data, as suggested previously, on the test 
questions which they use and, through some central 
agency, such as our committee on examinations, 
make their best questions known to other interested 
teachers. 
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Or a method, making for a greater degree of com- even though he might never adopt another’s questions 
parability, would have teachers send their graded for his own use. Often a teacher may secure questions 


>. SESS : SoA a 


+Topic, Occurrence Sulfur. Date, 2/26/38. hoe ie. 11:00. Ques. No. 4. Question will be placed here. 
Five places of occurrence of sulfur were to be matched with eight forms and compounds. 


DISTRIBUTION OF RATING 
Omitted 0 + 1 1+ 2 2+ 3 =3+ 4 4+ 5 5+ 5 «6+ 








Total 3 7 18 
Total number of papers, 189. Median, 7. Reader, Breuer. 
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examination papers with a copy of the examination which he finds will be well suited to his use after some 
questions to some central depository to be determined _ slight alteration. 

by our committee on examinations. In this central Our purpose in presenting this paper is to learn if 
office scatter sheets would be prepared for degree of there is any considerable number of teachers who are 
difficulty and validity indices determined. As good 

questions, judged from these and perhaps other criteria, Score on Entire Examination 

were found they could be duplicated and made avail- 9+ 9 8+ 8 7+ 7 6+ 6 5+ 5 4+ 4 +3 3 
able for teachers who cared to make use of the service. 
In order to tabulate these data it would be necessary 
to have the grade on each answer for each paper as 
well as the grade on the whole examination. For 
teachers who wish their students to inspect examina- 
tion papers after they have been graded this codp- 
eration would require that students return their exami- 
nation papers to the teacher after such inspection. 

There are some secondary values which would come 
from such a coéperative venture. It would probably 
induce a more critical attitude of the teacher toward 
his examination questions. Most teachers are already 
quite critical of tests prepared by other teachers. If 
a teacher used some of their questions, such questions 
would win such use only after critical inspection. We 
teachers have been guilty of including some very poor 
questions in tests as witnessed by the fact that often 
an appreciable percentage of the students misinter- 
preted the questions. In other cases, questions have 
been given which were left unanswered by over half of 
the class. 

Very likely teachers who use this service will pres- interested in such a project and, if so, whether some 
ently formulate better test questions after making a of those interested teachers in our colleges and universi- 
critical study of the questions submitted by others. ties are willing to coédperate in such an examination 
Such a procedure should stimulate more thought and service. The authors would be very glad to hear from 
care in the preparation of questions by a given teacher all who consider such a project desirable. 
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The method which our race has found most effective in acquiring knowledge is by this time familiar to all men. 
It is the method of modern science—that process which consists in an interrogation of Nature entirely dispasstonatt, 
patient, systematic; such careful experiment and cumulative record as can often elicit from her slightest indications 
her deepest truths. That method is now dominant throughout the civilized world; and although in many directions 
experiments may be difficult and dubious, facts rare and elusive, science works - slowly on and bides her time—refusing 
to fall back upon tradition or to launch into speculation merely because strait is the gate which leads to valid discovery, 
indisputable truth —F. W. H. Myers 
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HE Avogadro Number is one of the fundamentally 

important constants of both chemistry and 
physics. Most of us are familiar with its impor- 
tance in relation to the gas laws and in the determina- 
tion of innumerable atomic and molecular quantities. 
Yet, of the many chemists and physicists I have met, 
[have still to find one who in his studies in science has 
made a determination of this enormous figure. In 
fact, it is the very enormity of this quantity which has 
condemned it to almost solitary confinement in the 
imermost shrines of the advanced research laboratories. 
Once in a great while, as in the case of another universal 
constant, the speed of light, someone refines it a little 
or devises another method for its determination and 
then it is again retired for an indeterminate period. 

In the course of discussions on the Kinetic-Molecular 
Theory and the gas laws, I have occasion to show the 
students a replica of the gram-molecular volume. 
Invariably someone asks how many molecules it con- 
tains. When informed, their brows knit somewhat 
skeptically as they endeavor to comprehend this 
incomprehensible figure. It improves matters only 
dightly when you apprise them of the fact that if every 
individual on the earth—some two billion—were to 
start counting at the rate of ten a second without taking 
time out for anything, it would require a million years 
to count an equivalent number of pennies. But 
when I go a step further and inform them that certain 
members of the class can count that number of mole- 
cules in less than twenty minutes, they are frankly 
dubious. Yet such is the case. 

Some time ago one of my senior students with a 
slendid background of mathematics and physics 
asked me what apparatus it would require to make an 
assault on N. He had been looking over a copy of 
Hoag’s “Electron Physics’ and had come across a 
passage wherein it is suggested that the constant can be 
obtained by electrolysis. His enthusiasm infected me 
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wat and working together the following method was de- 
salts vised and tried out with truly astonishing results. 
from The equipment required is well within the reach of 
the average high school. The term electrolysis im- 
mediately suggests the Hoffman Apparatus. We were 
fortunate enough to have one calibrated at 20°C., 
which may be had from any scientific equipment 
‘men. @ COmpany. We used the instrument without further 
nat, @ Calibration since we felt that with our limited equip- 
tion’ @ ment we could not improve on this product of a re- 
ction’ @ liable concern. Our source of direct current was an 
7 ordinary six-volt storage battery, and the flow of cur- 





tent was measured by an ammeter selected from a 
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group of twenty laboratory ammeters because it was 
the mean when they were all tested. Again taking 
advantage of the law of averages, we selected a centi- 
grade thermometer and hung our mercury barometer 
with its vernier scale nearby. The physical training 
department of the school loaned us a stop-watch for 
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which we later substituted an electric clock with a 
second hand, which made it possible to synchronize the 
starting of the electrolysis and the timing. This was a 
decided improvement, since it enabled us to read 
rather accurately to a fifth of a second without having 
to worry about the exact starting and stopping of the 
watch. The final hook-up appears in the accompany- 
ing diagram. 


Between fifteen and twenty-five minutes were 
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found sufficient to yield a working quantity of gas at 
an amperage between 0.1 and 0.25. Since polarization 
causes a slight fluctuation in the current flow we took 
meter readings at minute intervals and used the mean. 
Before starting the actual determination the acidulated 
water in the apparatus should be saturated with 
hydrogen by permitting the passage of the current for 
about fifteen minutes. After this is done, the apparatus 
is ready for the experiment. After a sufficient quantity 
of hydrogen has accumulated it is necessary to equalize 
the pressure in all tubes before a correct reading can 
be made. This is done by attaching a rubber tube (H) 
to the oxygen outlet and forcing the water down to the 
hydrogen level by gently using the breath. When this 
is done water in the reservoir may be drawn off, as 
indicated, by means of the siphon (D), if the fact, 
that the water is slightly acidulated with sulfuric acid 
is kept in mind. It is best to siphon off slightly more 
water than necessary and then equalize by carefully 
adding water from a dropper or pipet. The quantity of 
hydrogen collected may now be read and the usual 
corrections for temperature and pressure made, as will 
be indicated. This value with the average amperage 
and the time in seconds are the only facts determined 
experimentally. With these are used the value of the 
charge on the electron as determined by Millikan in 
his famous oil-drop experiment (1.591 x 10~' cou- 
lombs), the value of the gram-molecular volume in 
cubic centimeters (22,400 cc.) and the number of atoms 
in the hydrogen molecule which is two. From this 
information and with a prayer that whatever errors there 
might be would cancel out, we were consistently able 
to get results ranging from 5.87 to 6.26 X 107%. Our 
best readings were 6.04 and 6.08 < 107%. 

In brief, the Avogadro Number is obtained as follows. 
The product of the time in seconds and the average 
amperage gives the number of coulombs required to 
liberate the corrected volume of hydrogen in cubic 
centimeters. Dividing the former by the latter and 
multiplying by 22,400 we obtain the number of coulombs 
it takes to free a gram-molecular volume of the gas. 
When this figure is divided by the charge on one electron 
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we get the number of hydrogen atoms liberated, which 
must b divided by two to get the total number of 
hydrogen molecules in 22.4 liters or N. Expressed as 
an equation 
xX I X 22,400 

VxXxex2 
the Avogadro Number 
time in seconds 
average amperes 


corrected volume of hydrogen 
charge on the electron 


N=T 


where 


N 
E 
I 

V 


é 


Under the circumstances the results were most 
gratifying and demonstrated that the experiment js 
within the scope of those high-school students with the 
proper background of science and mathematics. Cer. 
tainly it could be introduced profitably into any college 
course in physical chemistry. 

A typical determination is as follows. 

Original volume of hydrogen, 27.1 cc. 

Temperature, 19.5°C. 

Barometer reading, 768.4 mm. 

Correction for mercury expansion, 2.4 mm. 

Correction for aqueous tension, 16.9 mm. 

Barometer corrected, 749.1 mm. 


Time, 1076.8 sec. 
Amperes (average), 0.20 amp. 


y = 149-1 X 273 X 27.1 
a 760 X 292.5 


V = 24.9 cc. 


Substituting this corrected volume of hydrogen in 
the Avogadro Equation we get 


1076.8 X 0.20 X 22,400 
24.9 X 1.591 X 107% K 2 


N = 6.09 X 10% 





N= 
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HE SYSTEM of the elements is now recognized between cerium (58) and hafnium (72). That this ar- 
as being an entirely continuous one, starting with rangement fits in with the properties of these elements 
the element whose atom is the simplest andending is indicated by the periodicity patterns, to be dis- 
with the one that is most complex. The properties of cussed later. 
the elements fit into this continuous plan. Unfor- 
tunately no table form of periodic classification is de- - 
APERIODIC CHART The uncouling spiral tollows te 
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rangement. All tables, of necessity, are broken up 2 
gen in into segments. “eh OY! 
A chart giving to the arrangement of the atoms a Family! Me 
spiral form, fashioned somewhat after the nebulae of ino} 
astronomy, would seem well worth attention. Such a oe Pa Rb 
form fits the needs of modern theory, while retaining Family Ba 
the family features of the table forms. What would - 
seem equally important in connection with chemical ae / fk 
; study, such a spiral form, can be used as a graphical 3 AC» 
ion t0 § framework for the visual presentation of those perio- 7 
ichard dicities that exist among the elements. The main pur- * 
whose pose of the present article is to present such a chart and Grove |, |e 
mable to show, applied to it, the “periodicity patterns’ for Ph jth -Hp-& 
several important physical and chemical properties of ie \ 
\ inter: the elements. \, e 
od the The spiral form of the periodic classification devised IR.0] 5 - Ta” \ , 
by the writer and used in the present discussion pos- oo 
pee sesses several features common to the forms of Hackh! \ 
and Clark.? It differs from both in having the spiral [r0,] \¥ 
begin with element 0 (neutron); from Hackh in the Grove "\ 
. = treatment of the rare-earth group; from Clark in the ha 
treatment of the rare earths, the position of hydrogen, wusunede Pemces} | 
ys, and and the family inter-relationships. incon lle ree ee 
Newer As shown in Figure 1 the spiral begins with neutron, | secoxamoer?eow| “ce 70 —. Po 
-amins, Which is considered as belonging structurally to the raty cone, Peron Pr Nd fh Sm sik ARE ATOMIC HUMBER, 
asec inert gas family. Each coil of the spiral represents a tp cate SER | Dy Th Gd Eu” | clementgBaneg2 | AND TYPE FORSULAS 
period that ends with helium, neon, argon, or some magseeare Ho Er tm Yb, Seo incigeting | SU eens ano amar 
other member of the inert gas family. The number of Risser on ns A i cates aman ib natnara 8 
RTUNO, elements in the periods are: 2, 8, 8, 18, 18, 32, and 6. 
The rare-earth group is shown as a double loop falling EE FTO eRe ey ee 
tween 
ar ‘Hacku, I. W. D., “Chemical dictionary,” P. Blakiston’s Son In terms of modern theory the elements at the upper 
ysico- and Co. , Philadelphia, Pa., 1929, p. 544. lef 1 d : 1] 
‘CLARK, J. D., “A new form of periodic chart,” J. Cuem, eft are electron donors, those at the right are electron 
Epuc., 10, 675-7 (Nov., 1933). acceptors; while carbon (6) and silicon (14) near the 
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center are predominantly electron sharers. An elec- 
tron reorganization takes place with the rare earths, 
and with the transition elements at the bottom of the 
chart. The radioactivity of elements beyond polo- 


VALENCE 
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F1GURE 2.—THE PERIODICITY PATTERN OF VALENCE 


C. Single, negative and mul- 
tiple, positive valence; 


0. No valence. 
A, A’. Single, positive va- 
lence only; plan-fol- plan-following. 
lowing. C,. Maximum unusual. 
A,. Averyslight D. Single, negative only; plan- 
negative ten- following. 
dency. E. Miultiple, positive valence; 
Multiple, positive; not plan-following. 
plan-following. 
B,. Maximum 
unusual. 


B,B’. 


nium (84) indicates nuclear instability and suggests a 
reason why the series stops with uranium (92). 

Using the spiral chart and applying to it the methods 
of the geographer in running lines of equal elevation 
or of the meteorologist and physical chemist in segre- 
gating areas of similar nature, it is possible to represent 
graphically the relations that exist among the atoms in 
reference to some particular property. For such a 
presentation the term periodicity pattern will be used. 
Six patterns have been chosen for illustration.’ 


3’ The data used for the patterns is that of standard reference 
books. Possible misinterpretation of the results of research 
could, conceivably, affect the exact boundaries of certain bound- 
ary areas. Thus OsO, could be considered as a normal oxide in 
establishing the maximum valence of osmium; or it could be 
considered a peroxide. 
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VALENCE 


Valence was used as the periodicity basis for Mende. 
leéff’s chart. The periodicity pattern, Figure 2, visual. 
izes the valence situation even better than is the case 
with the table form. At the upper center are the inert 
gases with a valence of 0. To the left in the areg 
marked A, and diametrically opposite in the areg 
marked A’, the valence advances in a regular order with 
each element having but a single normal valence toward 
oxygen. In area B—which extends across the chart— 
the elements can show more than one normal valence 
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FIGURE 3.—THE PERIODICITY PATTERN OF THE METALLUR- 
GICAL RELATIONS OF THE ELEMENTS 


1. Light-alloy metals. 5. 
2. Active metals. 6. 
3. Rare-earth and related 7. 

metals, 8. 
4. Deoxidizing metals. 


Steel-forming metals. 
Noble metals. 
Non-ferrous heavy metals. 
Non-metals. 


toward oxygen, the maximum following the regular 
developmental plan. In area EF the elements show 
multiple valence, but the maximum shows no develop- 
mental plan; for these elements the valences must be 
learned. 

To the right of the inert gases the elements show,a 
negative valence as indicated by their hydrogen com- 
pounds. In area D the only normal valence seems to 
be negative. In area C both negative and positive 
valences are normal, with each following a regular de- 
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ylopmental plan. For such elements the sum of the 
jumbers representing the negative valence and that 
of the maximum positive valence is equal to 8. 

It may be seen, therefore, that the normal valence of 
approximately half of the elements is but a single num- 
per, and that number can be ascertained from the chart. 
For the remainder of the elements the maximum posi- 
tive valence can be discovered from the chart for all 
dements but those in area E. It is true, however, that 
for the adjoining areas of B, and C, the maximum is rela- 


MELTING POINT 
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FigurE 4.—THE PERIODICITY PATTERN OF THE MELTING 
PoINT 


tively unusual; for these areas the student should learn 
the usual valence or valences. 


METALLURGICAL RELATIONS 


In the periodicity pattern of metallurgical relations 
the elements with metallic physical properties and 
those with non-metallic properties occupy differen- 
tiated areas, as shown in Figure 3. The metals are 
divided, almost as sharply, into separate groups having 
industrial classification names. 

Beginning at the upper left, Group 2, we find the 
light, easily corroded, highly active, non-structural 
metals. Below them, as in Group 3, are the numerous 
fare-earth and associated metals, -closely alike physi- 
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cally and chemically, with few applications because 
of their rareness, activity, and lack of strength. At the 
bottom of the chart are the noble metals that are 


ACTIVITY OF THE METALS 
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FIGURE 5.—THE PERIODICITY PATTERN OF THE ACTIVITY OF 
THE METALS 
Active metals; react with 4. Inactive metals; react with 
cold H,0. aqua regia. 
Moderately active; Very inactive metals; fail 
with HCI. to react with cold aqua 
Moderately inactive; form regia. 
nitrates with HNO;. 


react 5. 


highly resistant to corrosion but with limited uses be- 
cause of their general softness and expensiveness. 

The industrial metals are limited to the other groups. 
In Group 5 are the steel-formers. Alloyed with iron 
the other metals of the group may give added hardness, 
toughness, resistance to shock, elasticity, or other 
properties. The metals employed for such purposes 
are vanadium (23), chromium (24), manganese (25), 
cobalt (27), nickel (28), molybdenum (42), tantalum 
(73), and tungsten (74). The use of columbium (41) 
has been investigated; rhenium (75) and mesurium 
(43) seem too rare for exploitation. Compounds of the 
metals of the group with carbon are intensely hard, 
some being exceeded only by the diamond in hard- 
ness. 

Members of Group 4, adjoining the steel-formers, are 
frequently added to the melt in the making of steel, as 
deoxidants, or to remove combined nitrogen which 
would make the steel brittle. 
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Group 1 is composed of the light-alloy metals, mag- 
nesium (12), aluminum (13), and beryllium (4), and 
narrowly misses lithium (3). All of these are chemically 
active but are protected from corrosion by a closely 
adhering film of oxide. Magnesium, though a third 
lighter than aluminum, is handicapped industrially by 
being more expensive. Beryllium, much more expen- 
sive than the others and slightly heavier than mag- 
nesium, has had its possibilities incompletely deter- 
mined. Lithium is used to some extent in hardening 
aluminum. 

The non-ferrous heavy metals constitute the re- 
maining group (Group 7) and include such important 
industrial metals as copper (29), zinc (30), tin (50), lead 
(82), antimony (51), bismuth (83), and mercury (80). 
Silver (47) borders the noble metals, arsenic (33) the 
non-metals. 

With but minor changes the same metallic divisions 
can be used in connection with other metallurgical 


(Density in af.) 
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FIGURE 6.—THE PERIODICITY PATTERN OF DENSITY 


features. The noble metals are usually found uncom- 
bined in nature and alloyed with other members of their 
own group. The non-ferrous heavy metals are very 
frequently mined as sulfides, these sulfides being roasted 
to oxides and then reduced with coke. The more usual 
occurrence of the steel-forming elements is as simple or 
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complex oxides. Where the presence of carbon is not 
undesirable these oxides are reduced by coke. Fy 
Groups 1, 2, 3, and 4 reduction by electricity is of sy. 
preme importance. The curving line that crosses the 
chart has, therefore, a wider significance than that of 
merely separating the metals into groups. It also sepa. 
rates to almost as sharp a degree the methods used in 
metallurgy for obtaining the metals from their ores, and 
the types of compounds in which the metals are found 
in nature. 


MELTING POINT 


The melting-point periodicity pattern is markedly 
different from those already presented, as shown in 
Figure 4. The pattern area in this case is divided al- 
most equally between elements having a melting point 
in excess of 1000°C. and those that melt at a lower 
temperature. Two areas are indicated in which the 
melting point exceeds 2500°; one includes carbon (6), 
which sublimes at about 3500°, the other takes in tan- 
talum (73), molybdenum (42), tungsten (74), rhenium 
(75), and osmium (76) and closely approaches masu- 
rium (43), ruthenium (44), and iridium (77). For the 
metals a low melting-point area appears at the right 
side of the chart near mercury (80) and gallium (31). 
The diametrically opposite metals also have low 
melting points. 


CHEMICAL ACTIVITY OF THE METALS 


The chemical activity periodicity pattern of Figure 
5 is of peculiar form. It is scarcely to be wondered at 
that chemical writers using the Mendeleéff or other 
table form were lead to suggest that no very evident 
periodicity existed for this particular property or group 
of properties. 

In connection with the chart the reactions of the 
metals toward water, hydrochloric acid, nitric acid, 
and aqua regia have been chosen to indicate the main 
features of the chemical activity of the metals. Other 
criteria could have been chosen. 

The metals that react with cold water to produce 
hydrogen and a metallic hydroxide are found at the 
upper part of the chart in a well-marked group (Group 
1). A group of almost equal size spreads across the 
chart representing those metals that will react with 
hydrochloric acid to produce hydrogen and a metallic 
chloride. The other groups are smaller: Group 3 con- 
sists of those metals that form soluble nitrates with ni- 
tric acid; Group 4 includes the few that react with 
aqua regia to give soluble chlorides; Group 5 takes in 
the remaining metals, that are inactive toward these 
reagents. 


DENSITY 


The periodicity pattern of density, Figure 6, is re 
markably simple in its general nature. The gases 
occupy a definite area at the upper part of the chart 
and the advance in density from that area is outward 
and downward. Osmium (76) is the densest of the 
elements, and neutron (0) should be the lightest. 
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While no official density values are available for some 
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oduce FIGURE 7.—OXIDE PERIODICITY PATTERN 
t the 1. Strongly base - forming; 3’. Oxides unstable, though 
sroup oxides react with water amphoteric. 
s the to form bases. 4. Acid forming; most oxides 
eee 2. Weakly base-forming; ox- react with water to form 
with ides insoluble in H,O, acids. 
tallic soluble in acids. 5. Acid forming; no stable 
; 2’. TL,0 strongly _ basic; oxides. 
Con T1,0; weakly basic. 0. Inactive elements; no com- 
h ni- 3. Amphoteric elements; ox- pounds. 
with ides insoluble in H,O, 
‘ soluble in either acids 
es im or bases. 
‘hese 
of their corresponding compounds. Patterns may, 
however, be constructed for the properties of compounds 
} re- quite. as well as for the properties of the elements. In 
ases Figure 7 is shown the periodicity pattern for the prop- 
hart erties of the oxides. 
yard For the elements of Group 1, in the upper left, the 
the oxides are base forming. As the lower border is ap- 
est. proached the oxides become less reactive toward water 
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and therefore more insoluble. On the other hand, the 
elements of Group 4 form oxides that react with water 
to form acids; as before, those near the lower border 
are less reactive and so more insoluble. 

For the elements of Group 2 the oxides are insoluble 
in water but react with acids to form salts; these 
oxides, therefore, are considered to be weakly basic. 
For Group 3 a more peculiar situation exists. With a 
few exceptions all of these elements form more than 
one normal oxide. These oxides are insoluble in water. 
Some of the oxides react with bases to form salts, others 
react with acids to form salts. Each element appears 


in a double réle, therefore, such elements being re- 
Because of the dual nature 


ferred to as amphoteric. 


ANALYSIS GROUPINGS 
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FIGURE 8.—PERIODICITY PATTERNS OF ANALYSIS GROUPINGS 
Hydroxides precipitated 
by NH,OH, NH.Cl. 
4a. PPt. not soluble in 
NaOH. 
Carbonates precipitated 
by (NH,)2COs, NH,CIl. 
Phosphates precipitated 
by Na,HPO,, NH,Cl. 
7. All ordinary compounds 
soluble. 


A,B. Negative ions impor- 4. 
tant. 

1. Low-valence chlorides 
precipitated by HCI. 

2. Sulfides precipitated by 
H.S (HCI present). 
2a. Ppt. soluble in 6. 

(NH,)2Sz. 

3. Sulfides precipitated by 

(NH,)2S. 


or 


~ 


of the oxides the atoms of the elements of this group 
are to be found as positive ions and also with oxygen 
in negative ions. Examples of such ions in the case of 
chromium (24) are Cr, CrO,-*, and Cr20;-*. While 
aluminum (13) forms but one oxide this compound 
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reacts either with acids or with bases, aluminum thus 
appearing in the following ions, Al® and AlO,.~!. 


METALLIC-ION GROUP ANALYSIS 


The separation of the metallic ions into groups de- 
pends upon the solubility of certain selected types of 
compounds, such as sulfides, chlorides, hydroxides, car- 
bonates, and so forth. The scheme of analysis is defi- 
nitely clarified if periodicity patterns are first prepared 
for each type of compound used. Figure 8 attempts to 
show several of these patterns superimposed upon each 
other to indicate the groupings of analysis. It is as- 
sumed that the result is sufficiently self-explanatory to 
need no detailed explanation. One advantage of the 
plan is that it indicates the group positions of elements 
not included in ordinary analysis, and to point out 
difficulties that might be expected from the presence of 
such elements. For example, gallium (31) has been 
erroneously reported as aluminum (13) in certain in- 
dustrial analyses. 


GENERAL DISCUSSION 


The periodicity patterns that have been presented 
are of properties chosen for their general interest or 
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importance to chemistry classes. To the advanced 
student or the research worker they would be far from 
sufficient in number. The methods used in the prep. 
ration of the patterns shown can, however, be applied 
equally well to the graphical presentation of any prop- 
erty for which data would be available. With limited 
data available the method can be used in arriving at 
tentative values for elements in adjoining areas, By 
superimposing one pattern over another it is possible 
to arrive at a better understanding of methods of 
separating elements or compounds from mixtures, 
For example the amphoteric nature of the oxides of 
beryllium (4), aluminum (13), chromium (24), and 
gallium (31) makes possible the separation of these 
elements from the rare-earth elements, as indicated by 
the dotted line separating Group 4 from 4a in Figure §, 

“The properties of the elements are periodic functions 
of their atomic numbers.” But the periodicities that 
exist are not always simple, nor do they tend to forma 
single-type pattern. It is evident, therefore, that no 
intensive study of chemistry can be made from the 
older table form of classification. That the situation 
can be met by the use of several periodicity patterns 
would seem to be indicated. 





An EVALUATION of the METHODS 
of USING ANALYTICAL BALANCE 


I. LIN 


Fukien Christian University, Foochow, China 


O THE chemist, knowledge of the use of the 
OF eeairtion balance is of prime importance. It is 

not only a matter of obtaining accuracy but also 
economy of time. Unfortunately the methods recom- 
mended by different authors do not always agree. This 
is probably because some of the recommendations are 
mere speculations. It is the purpose of this paper to 
evaluate the various available methods of using the 
analytical balance and to select by experimentation the 
quickest and the most accurate method. A few modifi- 
cations will also be given. 


EXPERIMENTAL 


Nine Troemner and one Becker analytical balances, 
from. two to seven years old, were used. Thirteen 
sophomore students, taking the course in analytical 
chemistry, were asked to take many of the readings. 
The following methods were employed. 

Method I.—Paired watch glasses were placed on the 


pans of each balance and the beam was set in motion 
by lowering the rider. About fifteen sets of seven 
swings each were taken at one time by the same ob- 
server. The range of pointer swing was so adjusted that 
for the first five sets the first reading was between 
0-2.9, next 3-6.9, and the last 7-10 scale division. 
Zero points were calculated from every three swings. 
Thus, three separate zero points were found in a set of 
seven swings. The following data will serve as an ex- 
ample. 


Left 
3.1 


Right 


3.4 —~> 0.40 first individual zero point (1.z.P.) 
2.9 
¥ —— 3.1 —~> 0.35 second 1.z.P. 
2.6 
S— 2.8 —> 0.40 third 1.z.p. 


9 ee 


0.39 Average (A.z.P.) 





Me 
slarti 


Rider 
Brus! 
Fann 
Quicl 


Ii 
low 
the 

dev 
safe 
the 
and 








JCATION July, 1959 

The first reading was recorded as soon as the pointer 
yas set in motion. It should be noted that from now 
on ‘1.2.P.” represents an average of three swings, while 
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E onal “4 2P.” that of seven swings. 
wha Method II.—The method was exactly the same as 





Method I except the swing was started by touching 
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the pan with a camel’s hair brush, by fanning with air, 




















riving at , ue 

eas. By and by quick lowering of the beam in addition to the 
possible above-mentioned ‘‘rider-method.’’ Each observer took 
thods of & four to six sets of reading for each method of starting 
nixtures, ff the swing. 

Xides of Method III.—The balance was started swinging in a 
4), and & long amplitude, say, from seven scale up, and reading 
of these § was taken successively until the pointer nearly came 
‘ated by ff 0 rest. 

‘igure 8 Method I V- -Each observer took from ten to twenty 
inctions § 2° points using both the single deflection method (7) 
ies that and the swing method. In the swing method, the beam 
forma § "3 gently lowered without any artificial means of 
that no § xtting the beam in motion and three consecutive read- 
om the @ igs were recorded. 

tuation The results from these four experiments are treated 
atterns fp i Various ways and will be presented in the discussion 





of different topics given below. 








METHODS OF SETTING THE BEAM IN MOTION AND THE 
REJECTING OF THE FIRST FEW SWINGS 





It is a common practice not to take the reading until 
one or two complete swings have passed. This is safe, 
but time-consuming. Furthermore, some authors rec- 
ommend one method of starting the beam in motion 
while the others entirely reject it. It is hoped that the 
results from this experiment may throw some light 
on this subject. The deviations of the first, second, 
and third ‘‘individual zero point’ from the ‘‘average 
zero point’’ obtained from Method I and Method II 
were calculated. The average value of all the devia- 
tions are given in Table 1. 
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; TABLE 1 

1otion Pete 
Method of Number of Number of Average Deviation of 

seven Slarting swing sets taken observers $90 1.Z.P. 2nd 1.Z2.P. 3d 1.Z.P. 
e ob- Rider 131 8 0.055 0.041 0.052 
1 that Brush 77 6 0.123 0.049 0.071 

a Fanning 26 3 0.175 0.060 0.075 
“weet Quick-lowering 69 6 0.049 0.037 0.046 
ision. 
rings. It can be seen that from both the rider and the quick- 
set of lowering methods the first 1.z.P. does not deviate from 
nex- @f the a.z.p. any more than the second and third 1.z.P. 







deviate from a.z.Pp. Thus, the first reading may be used 
safely. On the other hand, the first 1.z.P. obtained in 
the brush and the fanning methods is more uncertain, 
and therefore, waiting for a few turns is advisable. 









LONG AND SHORT SWING WEIGHING 





Textbooks (2, 4, 5, 7) usually recommend a range of 
swing between 4—5 scale divisions, while Wells (6) is 
highly in favor of using short swings, which is also 
mentioned in Treadwell (5). A “range zero point’ is 
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calculated by taking the average of all the zero points 
within a certain range of swing. The average devia- 
tion of the ‘‘average zero point’ from this “range zero 
point” is given in Table 2. The figures in parentheses 
stand for the number of sets of determination involved. 


TABLE 2 
Method I Method 111 
Observer 
no. 1 2 3 q 5 6 7 8 9 10 
range of 
swing 
7-10 0.10 0.04 0.16 0.02 0.03 0.06 0.06 0.13 0.05 0.16 
(4) (5) (8) (5) (4) (5) (6) (4) (6) (12) 
3-6.9 0.04 0.10 0.12 0.14 — 0.13 0.05 0.24 0.08 0.09 
(5) (5) (7) (8) — (5) (14) (10) (20) (38) 
0-2.9 0.05 0.08 —- 0.11 0.08 0.18 0.08 0.26 0.06 0.08 
(5) (5) — (2) (10) (5) (12) (16) (17) (61) 


From the results given above no definite conclusion can 
be drawn as to the superiority of any of the ranges. 
Thus, we agree with Wells, not on the point that short 
swings give more accurate results but because of the 
simplicity of using any natural swing produced by 
gentle lowering of the beam. 


COMPARISON OF ONE SET OF SEVEN SWINGS WITH 
THREE SETS OF THREE SWINGS 


Mahin (4) suggested that a set of at least five swings 
should be taken while others (2, 5, 7,) recommended 
a set of three or five. Lochte (3) found that ‘‘the 
average of three sets of three swings gives almost as 
reliable results as the average of three sets of five 
swings.” The following figures are to be calculated 
from the data obtained from Method I. 

(1) Average individual deviation (A.1.D.) is the av- 
erage deviation of the ‘individual zero points’’ from 
the average zero point, or 
ZD A.Z.P. — 1.2.P. 

No. of 1.2.P. — 





A.I.D. = 


(2) Average single deviation (A.S.D.) is the average 
deviation of the individual zero point from the ‘‘true 
zero point” (T.z.P.) which represents an average of 
fifteen average zero points, or 


2D T.z.P. — 1.Z.P. 





A.S.D. = 


No. of 1.2z.P. 







(3) Average general deviation (A.G.D.) is the average 
deviation of the average zero point from the true zero 
point, or 
ZD T.zZ.P. — A.Z.P. 

No. of A.z.P. 





A.G.D, = 


(4) Average triple deviation (A.T.D.) is the average 
deviation of the average of three individual zero points 
of three different sets (taking only the first zero point 
from-each set) from the T.z.P., or 


=DT.z.P. — average of 3 1.Z.P. 
No. of average of three 1.z.P. 





A.T.D. = 


The results are as follows. 
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TABLE 3 
No. of 
Observer 5.Z.P. 
no. recorded A.I.D. A.S.D. A.G.D. A.T.D. 
1 42 0.032 0.100 0.095 0.055 
2 45 0.045 0.163 0.156 0.110 
3 45 0.100 0.175 0.135 0.035 
4 45 0.038 0.089 0.076 0.024 
5 45 0.059 0.092 0.060 0.072 
6 36 0.035 0.180 0.097 0.075 


It can be seen here that A.1.D. is small in comparison 
with A.s.D. showing that the variation within a single 
set is much smaller than the variation between different 
sets. Furthermore, in order to minimize the deviation 
by taking seven swings instead of three is of little use, 
as is shown by the fact that .G.D. is only slightly smaller 
than A.s.D. On the other hand, by taking the average 
of three different sets, the deviation is greatly reduced. 
The same thing happened in the result obtained from 
Method III in which 1.z.P. in a series of twenty to thirty 
swings each always deviates within a rather narrow 
limit, while the 1.z.P. in the next series may be quite 
different. Thus in order to get the “real zero point,” 
it is necessary to take an average of several sets of read- 
ings representing all the possible positions to which the 
balance tends to shift. This is in agreement with 
Lochte’s suggestion. 


SINGLE DEFLECTION AND SWING METHOD COMPARED 


The single deflection method first described by 
Brinton (J) is mentioned in some textbooks. It is 
quicker than the swing method, yet it does not seem 
to have entirely taken the place of the latter. In 
Method IV a comparison is made between these two 
methods. The “true zero point’ is obtained by taking 
the average of all the “individual zero points’ (in single 
deflection method, one reading represents one 1.z.P.) 
and the average deviation calculated is shown in 
Table 4. 


TABLE 4 

Average Deviation Average Deviation 

Observer Single Swing Observer Single Swing 
no. deflection method no. deflection method 
1 0.08 0.07 5 0.23 0.15 
2 0.24 0.10 6 0.07 0.11 
2 0.07 0.09 7 0.06 0.04 
3 0.21 0.13 8 0.07 0.13 
3 0.18 0.07 8 0.17 0.07 
4 0.18 0.10 9 0.07 0.09 

4 0.26 0.06 


In most cases the reproducibility of the single deflection 
method is comparable to those of the swing method. 
But in the hand of inexperienced students great devia- 
tion might sometimes occur as in the cases of Observers 
2and4. If three zero points instead of one were taken, 
any serious error made in single deflection method 
might be noticed. 


METHODS OF CALCULATION 


The usual method of calculating zero point from a 
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set of five swings is to take the average of three swings 
on one side and two swings on the other side and then 
subtract one from the other, and finally divide the te. 
sult by two. There are two points which may be modi. 
fied. In the first place, the five swings may be calcy. 
lated as two sets of three swings, and then take the 
average of these two resulting zero points as is given 
above in Method I. This method is just as easy if not 
easier than the usual method and possesses one advan- 
tage, namely, that two zero points may serve as a check, 
This is especially advantageous when only one set of five 
swings is obtained. The only difference between the 
new and the old one is that in the former the third 
swing is counted twice, but there is no reason why 
it cannot be so used. In the second place, the final 
division by two is by no means necessary, though it 
give the true position of the zero point. If the final 
division by two is omitted in all cases including the 
finding of sensibility factor, the result will come out 
exactly the same and time can be saved. 


CONCLUSION AND SUMMARY 


As there is no range of swing which is definitely su- 
perior to the other, it naturally follows that the methods 
commonly employed to start the beam in motion should 
give way to the method of gentle-lowering of the beam, 
the quicker and the more convenient method, of which 
the first swing may be used safely. Also the conception 
that the more swings taken the more accurate will be the 
result of the average, must be changed to more sets of 
three swings each. It must be admitted that the han- 
dling of a balance is a statistical process and the exact 
number of readings to be taken depends on the sensibil- 
ity and the stability of the balance and the degree of 
accuracy required for the work. For a general case, 
the writer wishes to make the following recommenda- 
tion. Gently lower the beam and take an average of 
two to three sets of three swings each, the last one after 
the balance has been used for other weighings. The 
first swing may be used. The zero point may be cal- 
culated as usual except that the final division by two 
may be omitted which necessarily give sensibility fac- 
tors twice as great as those commonly employed. This 
method has been successfully used in the author's 
laboratory. 

The single deflection method is as good as the swing 
method, except that precautions must be taken to 
guard against possible errors when used by inexperienced 
workers. 
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A DEVICE FOR DRYING LABORATORY 
GLASSWARE 


A. L. DUCOURNAU 


Louisiana State Normal College, Natchitoches, Louisiana 


In the laboratory it is often necessary to dry con- 
denser tubing and other glassware in a limited amount 
of time. Too often supposedly pure chemical com- 
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pounds contain moisture on final distillation, simply 
because a small film of moisture was present on the 
glassware. 

A very efficient and convenient device for drying glass- 
ware was constructed out of the most inexpensive ma- 
terial that could be purchased for such a purpose. 

If the laboratory is equipped with compressed air 
this device works excellently. If compressed air is not 
available a foot bellows can be used as the source of air. 
The dryer (see figure) consists of a ten-foot piece of one- 
quarter-inch iron pipe made into a six-inch coil. This 





coil can be made by filling the pipe with sand and then 
winding it around the six-inch cylinder. A six-inch 
pipe or post would serve the purpose. A perfect coil 
can thus be made. The coil is connected to the source 
of air, while a globe valve is used to regulate the 
flow of air. 

The coil is placed over a source of heat, so that it 
can be well heated. The air becomes heated as it passes 
through the coil, and as it comes out of the coil it is 
blown into the glassware. This set-up has given ser- 
vice in our department for several years. 





REDUCTOR TUBES OF RUGGED 
DESIGN 


HAROLD G. CASSIDY 


Yale University, New Haven, Connecticut 


Many reductor tubes as sold have a very wide open- 
ing at the top, something like a magnified thistle-tube. 
While this large opening facilitates pouring into the tube 
and is convenient for holding a quantity of liquid, yet 
the tube of this design has two severe disadvantages: 
it is far too easily bro- 
ken, and it presents a 
very large surface for 
evaporation. 

We have found it 
convenient to make re- 
ductors of a design such 
as that shown in the 
figure. Theyarerugged 
and will hold about the 
same amount of liquid 
as the wide-topped va- 
riety. When they are 
not in use a one-hole 
rubber stopper is put 
in the top opening. 
This prevents too rapid 
evaporation of the di- 
lute sulfuric acid used to 
keep the reductor moist. 

We make these re- 
ductor tubes from 18- 
mm. I.D. Pyrex tubing 
and seal a stopcock to 
the lower end. A rub- 
ber tube and _ pinch- 
clamp could be used 
instead of the stopcock. 
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KEEPING UP WITH CHEMISTRY 


The mechanisms of biological oxidations. D. E. GREEN. 
Sch. Sct. Rev., 19, 573-84 (June, 1938).—The spectacular effects 
of the vanishingly small are commonplace in biological systems. 
In recent years some of the mystery attached to these ‘‘trace”’ 
substances has been removed and progress is being made in the 
way of understanding the mechanisms of their effects. Catalase, 
which promotes the oxidation af hydrogen peroxide to oxygen 
and water, peroxidase, which causes the oxidation of hydro- 
quinone to quinone, and catechol oxidase all contain the haematin 
nucleus and owe their specific characteristics to the different 
proteins with which they are combined. The catalytic activity 
of these enzymes are astronomical. Thus one molecule of cata- 
lase decomposes 4.4 X 104 molecules of H2,O2 in one second at 
0°C. This tremendous activity is due to a cyclical process, 
which appears to be a characteristic method for the carrying out 
of biological oxidations. 

The decrease of acid corrosion of metals by organic substances. 
W. Macuvu. Angew. Chem., 51, 853-7 (1938).—This protective 
action is due to the formation of a protective layer by adsorption 
which produces a very high electrical resistance in the interface 
metal-solution, which in turn decreases the velocity of diffusion of 
the ions responsible for the solution of the metals. Hence not 
chemical or electrochemical forces but the greater specific 
adsorption power of metallic iron over iron oxide and thus purely 
physical phenomena are responsible for this restraining action on 
acid corrosion. “ae 

Atomic energy released. W. Davies AND R. D. PATTER. 
Sci. News Letter, 35, 86-87, 93 (1939).—Is the world standing on 
the brink of the release of atomic power? A number of labora- 
tories, German, Swedish, Danish, Italian, and American have 
confirmed the extraordinary release of atomic energy from the 
splitting of the uranium atom. The change is induced by bom- 
barding uranium atoms by neutrons. These neutrons need have 
“only a fraction of an electron-volt of energy’”’ but the energy 
released by their disruption of the uranium nucleus may be as 
great as 100,000,000 electron-volts. In addition to the great 
magnitude of this energy, so released, the nature of the matter 
resulting is unusual. Heretofore the products of this type of 
disruption have been isotopes of radium. Tests following these 
experiments revealed no radium, but instead isotopes of barium 
were present contrary to all previously known experience. It is 
very unlikely that this transformation will ever be utilized as a 
source of power energy. At present the efficiency of this plan of 
energy production is about six per cent. for the most favorable 

cases. It is not any more likely that this discovery will affect 
the power supplies of the world than finding how to transmute 
elements a few years ago upset the money marts. The biggest 
result of either is the wonderful intellectual impetus which they 
have induced for physical discovery. DCL. 
The German artificial products and their economical signifi- 
cance. K. MrIeNnEs. Angew. Chem., 51, 673-81 (1938).—This 
article is a discussion of synthetic cellulose derivatives and con- 
densation and polymerization products. Charts show the most 
important artificial products from cellulose derivatives, phenol- 
cresol-formaldehyde resins, urea-formaldehyde resins, resins from 
polymerization, and condensation products. L. S. 
Woad mills. Anon. Nature, 142, 1032 (Dec. 10, 1938).—In 
a paper read on November 25 before the Junior Institution of 
Engineers, Mr. Rex Wailes described the cultivation in gradually 
decreasing quantities, of woad, which had been grown in Great 
Britain for centuries as a mordant or fixer for indigo dye. The 
last crop of it in the world was harvested at Boston, Lincoln- 
shire in 1932. ‘‘The plant rapidly exhausts the soil . . . necessitat- 
ing frequent removal of the woad mill and appurtenances to 


fresh sites..... The woad mill evolved by village craftsmen , . 
ground the leaves into small pieces, and after about an hour the 
mill was stopped and the pulped mass taken out and kneaded into 
balls about six inches in diameter; these were stacked on trays 
in open tiers of gratings, where they dried for some weeks... .. 
The balls were first broken up by the rollers in the roller house and 
then taken to the couching barn near by and spread on the floor 
to a depth of three feet, watered, and allowed to ferment. The 
temperature was not allowed to exceed 125°F. ‘‘The woad was 
turned daily at first and less frequently thereafter, the total time 
being six to eight weeks. After couching, the woad was dried 
and rammed into barrels, its appearance then being like com. 
pressed peat or plug tobacco.”’ M. E. W 
Rubber fillers. F.H.Corron. Chem. Industries, 43, 630-3 
(Dec., 1938).—A real need in the industry today is a white filler 
of low specific gravity showing reinforcing properties equal to or 
surpassing those offered by carbon black. Experience suggests 
that to be completely successful in enhancing tear resistance as 
well as mechanical strength a filler must be of exceedingly fine 
particle size and preferably amorphous. At the moment, the 
only materials fulfilling these conditions are made in the form of 
smoke, either by burning natural gas in a limited supply of air or 
burning metallic vapor as in the production of zinc oxide. In 
the latter case it has been found possible, by vaporizing the zinc 
in an electric arc and removing the cloud of oxide by a forced 
draught of air which quickly cools it, to obtain a product of such 
fine particle size that it reinforces almost as well as gas black; 
but the disadvantage of high specific gravity still remains, 
Carbon black is ideal, but for its filthy nature, the way it flies 
about the factory, the amount of power required to incorporate 
it with rubber and the fact that it adsorbs accelerator and retards 
vulcanization. A, T. Be 
Useful metals that “shiver.” ANon. Chem. Industries, 43, 
634 (Dec., 1938).—A new magnetic metal that can ‘‘shiver” 
and turn on the heat is announced at Battelle Memorial Institute, 
Columbus, Ohio. The shivering of this metal consists in losing its 
magnetism. It can be made to do this at any temperature from 
150 below zero to 1100 above. This makes possible use of mag- 
nets of the new alloy for numerous automatic controls. Losing or 
regaining their magnetism, they operate electric switches. The 
alloy is a,mixture of iron, nickel, chromium, and silicon. By 
varying the proportions of these metals, magnets can be made to 
respond to any desired temperatures. A, FB: 


The petroleum factor in chemical industry. G. Ector. 
Chem. Industries, 43, 601-6 (Dec., 1938).—A discussion of the 
products obtained from crude oil with emphasis on their ulti- 
mate use. In this article which is the first of two to appear, 
Dr. Egloff, who has obtained nearly 300 patents in the petroleum 
field, lays special stress on resins and rubber, “‘thiokol’’ a syn- 
thetic rubber, alcohols, glycols, ethers, ketones, nitro-derivatives, 
sulfo-derivatives (detergents and insecticides), plant-growth 
increasers and anesthetics. A. T. 3; 


Laundry chemicals 1918-1938. G. H. Jonnson. Chem. 
Industries, 43, 609-16 (Dec., 1938).—Under this heading Mr. 
Johnson tells of the chemical products used in laundering and the 
changes of the past twenty years. A. ToR: 


The aethanolamins in industry. H. C. Prncas. Chem. 
Industries, 43, 607-9 (Dec., 1938).—-Dr. Pincas relates here the 
many uses of the aethanolamins. The aethanolamins combine in 
different degrees the properties of glycerine and ammonia in a 
single chemical compound. They are salt- and soap-forming 
bases, and the application of both the free bases and their 
derivatives are exceedingly widespread. A. TS 
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Food in a balloon. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 144, 4 (Feb., 1939).—The latest transparent wrap is ‘“‘Cyro- 
vac.” It resembles a deflated, wide-mouthed toy balloon. It is 
blown up by stretching the wide mouth over a frame and drawing 
avacuum around the outside. “‘Cyro-Vac’’ takes the shape of the 
cylindrical container into which it has been drawn, the chilled 
sides of the container ‘‘freezing”’ it into the larger size. To illus- 
trate, a chicken is dropped into the large end; a vacuum hose 
removes the inside air and draws the wrap close to the contents; 
then the neck of the balloon is twisted and clamped to make the 
yacuum pack air-tight. The package is immersed in warm water 
to “thaw” the balloon, which shrinks it to its original size, making 
a taut transparent wrap around the chicken. The special latex 
bags can be used and used again in the case of larger containers. 
A bag of three hundred fifty-pound side of beef is said to be a 
practical possibility. GS. Oo. 

Synthetic glycerin. H.A. Levey. Chem. Industries, 44, 143- 
5 (Feb., 1939).—Glycerin finds such extensive use in certain 
American industries that some of them are volume consumers 
comparable with the glycerin requirements of some nations now 
at war. 

The rapid growth of all these industries expresses itself in ad- 
vancing prices against the fairly fixed source of supply, viz., the 
soap and fatty acids industry where glycerin has been long con- 
sidered a by-product notwithstanding that for some time past it 
has commanded a higher price per pound than the prime product, 
the fatty acid with which it was combined. The price of glycerin 
has averaged around ten cents per pound for more than a decade 
and gradually rose to a peace-time high of thirty-one cents per 
pound in March, 1937. This is, of course, but half the price of 
the war time peak in October, 1917. Such conditions demand 
that the chemist consider sources of glycerin other than from 
the hydrolysis or saponification of fats. 

While glycerin is obtained from fermentation of sugars (similar 
to the production of ethyl alcohol) there are, however, impressive 
differences in the process. A large percentage of secondary prod- 
ucts are formed, even with pure yeast cultures, including acetal- 
dehyde, ethyl alcohol, acetic acid, pyruvic acids, and, of course, 
carbon dioxide. Which secondary products will appear and in 
what amounts, is determined by the type of fermentation process, 
the salts used, and in what quantities, the pH maintained, 
temperatures during fermentation, as well as the type, purity, 
and hardiness of the yeast cultures and their adaptation to the 
environment. 

These conditions, together with the large amounts of inorganic 
salts required to facilitate this type of fermentation, make glyc- 
erin by fermentation a costly process. 

However, as these processes become more highly developed and 
their costs reduced, or when their raw materials are steadily 
available at low figures, or when the demand for glycerin goes 
beyond the supply available from animal and vegetable fats plus 
our imports; then we can expect the commercial fermentation 
production of glycerin. 

From the present methods of cracking petroleum oils substan- 
tial amounts of olefins are discharged from the stills. From the 
debutanizers we obtain considerable quantities of propylene. 
When propylene is chlorinated under the proper conditions we 
obtain 1,2,3-trichlorpropane. This product is hydrolyzed di- 
rectly in an alkaline solution to glycerin. One oil refining com- 
pany has already installed equipment for the production of 
glycerin from this source. Another company is already equipped 
to produce glycerin from natural gas or petroleum gases, and will 
begin production when they are assured of a reasonably constant 
market price at approximately 1938 levels. Low yields of pro- 
pylene in debutanizer gases is the present unsavory aspect of this 
process. Its complete separation is still somewhat difficult, and 
as a result the glycerin from this source frequently contains 
traces of several glycols and polyglycols. : 

Thus as ethyl alcohol, initially obtained by fermentation, is 
now more cheaply produced by chemical synthesis from natural 
gas, so we find glycol—a trihydric alcohol—also produced more 
cheaply by chemical synthesis than by fermentation. The trend 
is more definitely in this direction and away from fermentation 
methods. 

This condition is especially impressive in our changing world, 
when we recall that prior to the World War we were so hopeful and 
favorably disposed toward the production of chemical products 
by fermentation reactions. This attitude was largely fostered by 
our conception that these micro-organisms worked long hours at 
low wage rates. High pressure and high temperature syntheses 
have changed this picture. These newer methods, in addition to 
giving us many new chemicals, produce for us old chemicals at 
lower prices. A. i: 3 
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Experiments on the solubility of hydrogen in iron. W. 
AvBacH. Z. phys. chem. Unterricht, 52, 22 (1939).—(1) Place a 
razor blade for three minutes in twenty per cent. hydrochloric 
acid and then immerse it in water at 98°C. The atomic hydrogen 
which had been dissolved in the steel escapes at 95°C. (2) 
After the hydrochloric acid immersion as before, rinse, dry, and 
wait for several hours before dipping it in 95°C. water. The 
same results are obtained as before. (3) After the hydrochloric 
acid immersion, heat the iron. The heating drives off the hydro- 
gen; hence no hydrogen is evolved upon immersing the steel 
into hot water. (4) Place the iron as cathode in a liquid-like 
acidified water, potassium hydroxide or sodium sulfate solution. 
Some of the hydrogen formed will be dissolved and can be de- 
tected as in the first test. (5) Place the iron in a glass or porce- 
lain tube and heat in a current of hydrogen. Some hydrogen 
will be dissolved and can be detected as in the first test. (6) 
Similar results as above can be obtained with nickel and zinc 
but not with copper. (7) If a sheet of steel, nickel, or iron as 
well as a sheet of metal containing hydrogen are placed in water 
containing a small amount of electrolyte then the metal sheet 
containing the hydrogen becomes strongly electropositive which 
can be checked with a galvanoscope. (8) When a ribbon of 
steel (12 & 1.5 X& 0.2 cm.) was exposed to hydrogen in such a 
way that some of it was dissolved and the steel was then placed 
into a beaker containing boiling water, then seven cubic centi- 
meters of hydrogen were collected in a gas buret. The presence 
of hydrogen was checked by mixing with oxygen and igniting. 

L. S. 

Microscopic methods for the identification of organic sub- 
stances. L.Kor.ter. Angew. Chem., 51, 703-7 (1938).—Micro- 
scopic studies on various organic compounds are discussed. The 
thorough study of organic compounds by microscopic crystal 
optical methods can be carried out only by experts. The identi- 
fication by determination of the melting point and the refractive 
index of the melt under the microscope can be handled easily by 
any chemist and conducted readily. Best results on the identi- 
fication of organic compounds are obtained by crystal optical 
determination combined with micro melting-point determina- 
tions. < he 
The oxidation of aldehydes by the oxygen of the air. A. 


Rrecue. Angew. Chem., 51, 707-9 (1938).—The first stage of 
aldehyde oxidation seems to be the formation of the peracid 
H 
H O 
O 


| 
R—C=0+0:+R—C=O 


It is also most probable that the peracid combines first with one 
molecule of the aldehyde to an addition product which is a 
peracid ester of the aldehyde hydrate. 


H 
O 
O H H 
RET mt os Rae es eerie 
| O 


O O H 
Pp RCOOH (in the presence of water) 


‘\R—C—O—C—R+2R—COOH + H,0 


O O 
(in the absence of water) 

It is assumed that the intermediate compound can react in ac- 
cordance with the experimental conditions forming either acid or 
anhydride. L. $. 

Scope of the chemistry of foodstuffs. T.K. Waker. Sch. 
Sci. Rev., 19, 505-15 (June, 1938).—A description of the chemis- 
try involved in the preservation of foodstuffs during shipping and 
storage, and the synthesis of sugars by hydrolysis of cellulose. 

S. W. 

The determination of the molecular weight from the freezing- 
point lowering in liquefied urea. R. ScHARF AND H. GoLom- 
BECK. Z. phys. chem. Unterricht, 51, 110-13 (1938).—Suitable 
directions are given for carrying out molecular weight determina- 
tions by students in a medium of liquefied urea. Typical results 
are tabulated for sodium chloride, potassium chloride, potassium 
bromide, potassium iodide, mercuric oxide, cane sugar, and so 
forth. The per cent. of error of the method for the solids men- 
tioned varied from —8.0 to +9.8 (minimum error —0.4 per cent. 
for potassium bromide). 

L. &. 





346 


JouRNAL OF CHEMICAL Epucatioy 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Studies of aqueous solutions of high molecular acids and their 
salts. W.KERN. Angew. Chem., 51, 566-9 (1938).—The titra- 
tion curve of polyvalent acids and of aqueous solution of poly- 
acrylic acids and their salts, the osmotic pressure of aqueous 
solutions of high molecular acids and their salts, the buffering of 
the osmotic pressure of cations in aqueous solutions of salts of 
high molecular acids are discussed. Synthetic macromolecular 
polyvalent acids were used as models for natural high molecular 
acids and proteins. The titration curves of polybasic acids (poly- 
acrylic acid, thymusnucleic acid, agar agar) cati be represented as 
an equation with two constants. This equation is closely related 
to a dissociation equation for monobasic acids. The conduc- 
tivity of aqueous solutions of salts of polybasic acids depends not 
on the macroviscosity but only on the microviscosity. The os- 
motic pressure of aqueous solutions of polybasic acids shows a 
strong electrostatic activation of the lower valent cations by the 
polyvalent macromolecular anions. Polybasic macromolecular 
acids are cation buffers or moderators. The buffering of the 
cations is comparable to the H-ion buffering in aqueous acid-salt 
mixtures. Thirty-five references. es 

The measurement of particle size and molecular weights by 
centrifuging. P. voN MUTZENBECHER. Angew. Chem., 51, 
633-40 (1938).—A critical discussion of various published 
methods. Fifty-two references. Le: 

Refined steels during the last four years. 
Chem. Zig., 62, 383-7 (1938).—A review. 

A contribution to the history of physical chemistry. G. 
LocKEMANN. Chem. Zig., 62, 489-91 (1938).—A historical 
review dealing with the beginning of the field of physical chemis- 
try. L. S. 

Progress in the staple rayon industry. H.G. BoDENBENDER. 
Chem. Ztg., 62, 501-4 (1938).—A review. L. S$ 

Protein structures (wool, fibroin, gelatin). 
Chem. Ztg., 62, 533-5 (1938).—A review. 

Gaseous colloids. R.Havur. Chem. Ztg., 62, 581-4 (1938).— 
A review covering stability, particle size and distribution, iso- 
thermal distribution, electrical charge relationships, solvation, pro- 
tective colloids, chemical properties, preparation of protective 
colloids, aggregation process, sedimentation, electric properties 
of aérosols, optical properties of gaseous colloids, and behavior 
of aérosols in the presence of sound waves. Sixteen references. 

L. S. 


H. Hovucarpy. 
L. S. 


D. KRUGER. 
L..S. 


A discussion of the effect of the purity of the silver halides in 
photographic plates on their light sensitivity. LUppo-CRAMER. 
Chem. Ztg., 62, 609-11 (1938).—A review. Twenty-five refer- 
ences. L.$ 

Refrigerants, 1918-1938. C. Fre_p. Chem. Industries, 43, 
268-72 (Sept., 1938).—A review of refrigerants and refrigeration 
used and produced in the chemical industry during the last 
twenty years. AS Te, 

Solvents and plasticizers 1918-1938. C. Exxis. Chem. 
Industries, 43, 145-53 (1938).—Many tables are given in this 
historical treatment of solvents and plasticizers which contain 
such information as boiling range, flash point, specific gravity,and 
refractive index. Substances included in this article are hydro- 
carbons, alcohols, esters, ether-alcohols, ketones, chlorinated 
compounds, phosphate plasticizers, phthalates, vegetable oils 


and fatty acid derivatives, and other ester plasticizers. 
A. Tos: 


Progress of the Friedel-Craft reaction and its industria) 
utilization. P.KRANZLEIN. Angew. Chem.,51,373-81 (1938) — 
A survey covering synthesis of hydrocarbons, applications i in the 
oil industry, artificial resins, preparation of aromatic aldehydes, 
ketone syntheses, and reactions with aliphatic and aromatic acid 
anhydrides. Forty-four references. LS 

The importance of lanthanum as an industrial raw material, 
E. ARNDT AND K. E. PUTTER. Angew. Chem., 51, 463-4 (1938) — 
A review of the occurrence, properties, and industrial applications 
of lanthanum. Fourteen references. oe 

Wood-cellulose-staple rayon. R. ScHarF. Z. phys. chem, 
Unterricht, 51, 155-61 (1938).—A review covering the composi- 
tion of wood, manufacture of cellulose in industry, industrial 
conversion of cellulose to rayon and staple rayon, preparation of 
rayon and staple rayon in the school laboratory, and instructions 
for the teacher. L. S. 

The substantive dyeing of artificial textile fibers. W. 
WELTZIEN AND K. WINDECK-SCHULZE. Angew. Chem., 51, 729- 
36 (1938).—A review covering the influences of dye constitution, 
substantive dyes in solution, substantive dyeing Processes and 
the action of dyes in solution, and their dyeing properties. L.§. 

The history of pyridine chemistry. v. SCHICKH. Angew. 
Chem., 51, 779-82 (1938).—A review. Fifty-one references. 

L. 


The manufacture and uses of the noble gases. P. SIEDLER. 
Angew. Chem., 51, 799-808 (1938).—A review covering neon, 
helium, argon, krypton, and xenon. Forty-two references. 


Photoelectric colorimetry with application of selenium photo- 
elements. B. LANGE. Chem. Ztg., 62, 737-41 (1938).—A 


review covering subjective and objective colorimetry, colori- 
metric fundamental laws, construction of photoelectric colorim- 
eter, selenium photoelements for colorimetric purposes, illumi- 
nation devices for colorimeters, current measuring devices for 
photoelectric colorimeters, and examples of the application of 
Twenty-eight references. 
L.S. 


photoelectric colorimetric analyses. 


The thermal polymerization of drying oils. C. P. A. KApPPEL- 
MAIER. Chem. Ztg., 62, 821-3, 843-5 (1938).—A review. 


L. S$. 
Chem. Zig., ¢ 917- 
9 (1938).—A review of various methods. L. S. 
Organic osmium compounds. R. CRIEGER. Angew. Chem., 
51, 519-20 (1938).—A survey of the preparation, properties, and 
practical applications. L. S. 
X-ray studies on natural coals. T.ScHoon. Angew. Chem., 
51, 608-12 (1938).—A discussion of the results of earlier studies of 
finely dispersed carbon, methods of X-ray examinations, mineral 
admixtures in coal, structure of coal, chemical constitution of the 
nature of coal, and X-ray pictures. The systematic X-ray ex- 
amination of natural coal makes it probable that coal consists 
mainly of separate layers of carbon atoms in graphically arranged 
lattice surfaces which absorb organic compounds. The ash con- 
tent can be determined readily with the X-ray method. Twenty- 
two references are given. L. $: 
New problems of biological chemistry. A. BUTENANDT. 
Angew. Chem., 51, 617-22 (1938).—A survey. Fifteen refer- 
ences. L. §. 
Application of isotopes in chemical research. K. H. GEIB. 
Angew. Chem., 51, 622-6 (1938).—A survey. Eighteen Be, 
ences. L 


The fireproofing of wood. H. Haperr. 


HISTORICAL AND BIOGRAPHICAL 


Josiah Willard Gibbs (1839-1903). Anon. Nature, 143, 233 
(Feb. 11, 1939).—The centenary of the birth of J. Willard Gibbs 
occurred on February 11, 1839. After studying at Yale, Paris, 
Berlin, and Heidelberg he was appointed to the chair of mathe- 
matical physics at Yale College, where he served until his death 
in 1903. In 1873 he contributed two papers on thermodynamical 
problems, which were followed by his memoirs “‘On the equilib- 
rium of heterogeneous substances” in 1876 and 1878. 

M.E. W. 

Prof. Georges Urbain. Anon. Nature, 142, 1108-9 (Dec. 24, 
1938).—Prof. Georges Urbain, director of the Institut de Chimie, 
who died on November 5, was born in Paris on April 12, 1872, 


son of a professor of chemistry. He carried out research under 
Friedel, Schiitzenberger, and Jean Perrin. His doctor’s disser- 
tation was on the rareearths. In 1908 he became professor at the 
Faculty of Sciences of the Sorbonne. He separated a new ele- 
ment lutecium (atomic number 71) from ytterbium and forecast 
the existence of element number 72 (celtium) which was later 
identified by Hevesy (hafnium). He studied the absorption and 
emission spectra of the rare earths, their magnetic properties, 
and the phosphorescence in cathode tubes. He also made many 
accurate determinations of atomic weights and investigated 
complex i inorganic salts, which he believed to form a link between 
inorganic and organic compounds. M. E. W. 
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s S. THE PRINCIPLES OF ELECTROCHEMISTRY. Duncan A. MacInnes, 
538) Associate Member, The Rockefeller Institute for Medical 
cations Research. Reinhold Publishing Corporation, New York City, 
ee 1939. xiv + 464 pp. 15.5 X 23cm. $6.00. 
chem, “This book has been written with the idea of furnishing an 
™MPosi- account of theoretical electrochemistry as it is today, and to 
ustrial satisfy an inner urge of the author to see the subject he is in- 
Her terested in as a logical, connected whole.’’ In these words, Dr. 
48 ' MacInnes gives the key to the plan of his book and the motive 
. W. that guarantees good work. Considering that fifteen years were 
» 729- spent in preparation and that the author has had extensive practi- 
ution, cal experience with many of the subjects discussed, it is not sur- 
S and prising that the finished product is one of the most satisfying 
8. treatments of the field in many years. The style is vigorous, 
ngew. clear,and concise. The attention given to the different subjects 
zi S is such as to produce an unusually well-balanced book. 
DLER True to his purpose, the author has refrained from discussing 
neon, most of the speculative in electrochemistry and has confined him- 
ae self to real accomplishment. So well has he backed theory with 
ihe) experimental data, that one has the feeling whatever is found 
hoto- therein is dependable and authoritative. Such strict hewing to 
).—A the line has even forbidden inclusion of the modern theory of acids 
mais and bases. The omission will be regretted by some, but twenty- 
an, four well-packed chapters covering practically the whole of the 
s for electrochemistry of solutions should offset any regrets. Some 
mn of subjects not commonly discussed are ‘‘The Effects of Gravity and 
eS, Centrifugal Force on the Electromotive Force of Galvanic Cells’; 
S. “The Determination of Thermodynamic Ionization Constants 
PEL- from the Potentials of Cells without Liquid Junctions”; ‘‘Ther- 
modynamic Studies of Non-Aqueous Solutions’; and ‘‘Electro- 
~¥ kinetic Phenomena: Electrodsmosis, Electrophoresis, and Stream- 
S ing Potential.’”’ To name chapters of outstanding excellence is 
em., difficult, but transference, Debye-Hiickel theory, liquid junctions, 
and the meaning of pH, interionic attraction and conductance, and 
5. the effect of structure and substitution on ionization constants 
em., are discussed unusually well. A bit on indicators and solubility 
S 01 products might well have been included to make a more complete 
eral work; the former because of its bearing on pH values and the 
* latter because of its use in determining activity coefficients and 
ists standard potentials. : 
zed An unusual feature is the extensive amount of data incor- 
on- porated—there are ninety-eight tables—and especially the critical 
ty- evaluation of much of it, e. g., activities and standard potentials. 
P In some cases the values have even been recalculated. This 
DT. same precision extends to the text. Symbols are clearly defined 





and the real meaning of equations set forth. All equations are 
derived “from the ground up” with exception of the Poisson 
equation, the Gronwall-LaMer-Sandved extension and the 
Onsager conductance equation. Even Planck’s equation for 
liquid junctions is derived in the appendix. The literature refer- 
ences are exceedingly abundant, and there are many explanatory 
footnotes. A list of symbols in the front of the book is very 
helpful. It is unfortunate that multiplicity of quantities has 
caused a shortage of suitable symbols. The use of small capitals 
and large capitals is especially bad as it necessitates closest ob- 
servation in reading. An obvious error in this list is the definition 
of y. This should be ‘Activity coefficient on molal, m, basis’’ 
instead of “molar.” 

Most to be criticized, in the reviewer’s opinion, is the almost 
complete omission of any conventions interrelating the signs of 
cell and half-cell potentials and the chemical reactions producing 
such potentials. On page 110 there is one convention governing 
signs, but nothing approaching in completeness such rules as are 
found in, say, the Getman-Daniels ‘‘Physical Chemistry” and 
MacDougall ‘Physical Chemistry.” To the expert such conven- 
tions are, perhaps, unnecessary, but they are extremely valuable 
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to the novice and timesavers to all. Regrettable also is the use 
of plus for the base metal potentials and minus for the noble 
metal potentials, F for the Helmholtz free energy and Z for the 
Gibbs free energy. There seems to be no real advantage in de- 
parting from the conventions and symbols most widely used in 
this country. Format, typing, and indexing leave nothing to be 
desired. 

This outstanding work is recommended unreservedly to elec- 
trochemists, advanced students, and teachers. The lack of 
problems somewhat diminishes its value as a text. 

Matcoitm M. Harinc 


UNIVERSITY OF MARYLAND 
CoLLEGE ParRK, MARYLAND 


CHEMISTRY AT WorRK. William McPherson, William Edwards 
Henderson, Professors of Chemistry, Ohio State University, 
and George Winegar Fowler, Supervisor of Science, Syracuse 
City Schools, New York, and Instructor in the Methods of 
Teaching Science in the School of Education, Syracuse Uni- 
versity. Ginn & Company, Boston, Massachusetts, 1938. 
x+672pp. 47lfigs. 14 *X22.5cm. $1.80. 

This book is another elementary text in chemistry by the well- 
known professors of The Ohio State University with Mr. George 
Fowler as a collaborator. The subject matter is organized into 
fourteen units and further subdivided into fifty-three consecu- 
tively numbered chapters. The organization is effectively con- 
servative and free from meaningless innovations and vagaries 
that characterized the earlier unit treatments. Since the first 
unit method book appeared in 1934 seven of the ten that have 
since appeared are organized on the unit-plan, so it appears that a 
new era in the chemistry has been inaugurated. The subject 
matter can be presented in a real unitary plan if fifteen to twenty 
unit categories are made but it has not yet been done effectively 
with fewer units than ten. 

The authors see in the unit plan ‘‘an opportunity for an oc- 
casional review of the fraction of the subject he has recently 
studied, as well as a chance to make a fresh start on new ma- 
terial.” Some units of plethoric texts may well be omitted also 
where their content has little interest to the local field of educa- 
tion. 

Each chapter has the usual closing exercises, consisting first of 
a summary in question form. This is the best extant form for 
summaries, for the dilatory pupil cannot make a hasty and 
inadequate preparation by reading the summary. A set of 
“thought questions”’ follow in which the pupil is expected to con- 
nect the chemical ideas that he has studied with various phases of 
daily experience. Although most texts have had some such 
questions in the various exercises at the end of chapters, and 
some authors have tried to classify these exercises none has done 
so well as the authors of this book. It is possible to find a few 
questions of fact which should be in the summary as well as some 
thought questions in the summary. This set of thought ques- 
tions is a most important part of the text and authors should plan 
more consistently to have them not only typical questions of 
thought, but they should be graded as to difficulty. The more 
difficult can constitute an optional section for the more capable 
pupils. Some such elastic plan is most necessary for we find that 
the range of ability of the pupils in our classes is constantly 
growing. 

The units close with an adequate list of references to reading 
books in chemistry, not texts. Twenty pages of appendices 
include useful tables, gas laws conversion, the Brgnsted Theory 
of Acids and Bases, and a very complete glossary of chemical 
terms. 

Some contradictions and inconsistencies appear in this book 
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which were not characteristic in the earlier editions. For ex- 
ample, it is said of mixtures, ‘‘They have no fixed composition.”’ 
Then of solutions it is said, ‘‘Every drop is exactly like every 
other drop in composition.” This puts solutions on the same 
basis as compounds. The kinetic theory should have been 
used to explain the homogeneity of any solution. Nowhere 
‘an we find any support of the idea, ‘‘To call it a substance does 
not say that it is either an element, a compound, or a mixture.” 
From this standpoint the tautological phrase, ‘‘pure substance,” 
is less obnoxious and is commonly used by college authors. 
“The atoms of metals . . . form no molecules.”” ‘The solute 
dissolves.” It is fortunate that pupils will little note or long 
remember these points but they will appreciate the unit intro- 
ductory notes and other apt illustrations that are written from 
their standpoint. 

As is characteristic of the work of the publishers of this book, 
the mechanical details are excellent. Clear, distinct illustra- 
tions, large, very readable type, and a close binding make up a 
book in almost octavo size. The durable binding should more 
than offset the strain of greater weight. 

HERBERT R. SMITH 


Lake View Hicu Scuoor 
Curcaco, ILLINoIs 


SURVEY OF PHYSICAL SCIENCE FOR COLLEGE STUDENTS. Paul 
McCorkle, Ph.D., Professor of Physics and Physical Science, 
State Teachers College, West Chester, Pennsylvania. P. 
Blakiston’s Son and Co., Inc., Philadelphia, Pa., 1938. xiii 
+ 471 pp. 273 figs. 15 X 20cm. $2.75. 


Professor McCorkle, co-author of CoLLEGE PHysICAL SCIENCE, 
has attempted in this new book to achieve two objectives. He 
aims to provide an orientation course for all students, with 
“material so chosen that there will be little duplication for stu- 
dents who supplement the course with the traditional courses 
in chemistry, physics, geology, and astronomy.” Enough ma- 
terial is purportedly chosen from each of these fields ‘‘to enable 
students who will go no further in science to have a better ap- 
preciation of their scientific environment.’’ In addition to this 
laudable ambition, the book ‘“‘has been so built that it provides a 
physical science background for the potential teacher of general 
science.’’ This aim is more nearly met. 

The common criticism of superficiality is faced by the author 
in the preface. ‘‘The treatment is, of necessity, rather elemen- 
tary, and in some cases there is a lack of exactness in definitions. 
This is intentional, inasmuch as we believe that the exact state- 
ment of laws and principles belongs to the standardized courses 
in the various related fields.” 

In twenty-seven chapters of approximately equal length, the 
author introduces the sun, moon, stars, planets, and the earth; 
rocks and minerals, the atmosphere, winds, and weather; the 
atom and its radiation, and radioactivity; energy as related to 
machines, heat, light, sound, electricity, magnetism, and chemis- 
try; biochemistry; cleansing; solutions and colloids; water; 
and textiles, cellulose, and plastics. ‘In choosing the topics for 
inclusion in the text, the test in each case has been whether the 
topic is frequently discussed in popular scientific articles in news- 
papers and magazines.’’ Integration of this mass of material 
is moderately successful at the start, but there is a distressing 
lack of continuity before the end is reached. 

Superficial as the text itself is, room is left within the frame- 
work for thorough and rigorous treatment of any subject if the 
teacher so desires. The problems and study questions at the 
end of each chapter, and the review questions in the appendix, 
require an extensive knowledge of the subject matter. It seems 
evident that much collateral reading and study is to be required of 
the student. It is therefore very unfortunate that the bibliog- 
raphy ending each chapter refers to books by title only rather 
than to page or chapter. 

The style is stilted, and much of the phraseology clumsy. 
There are few actual errors, but some debatable topics have 
been treated too dogmatically. Examples are ‘‘Today, argon is 
used in the manufacture of all electric light bulbs... .. Ina storm 
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area the cyclonic effect produces a partial vacuum and the barom. 
eter falls... .. It is estimated that tornadoes take the lives of 
about three hundred people each year. In other parts of the 
world such destructive storms are called hurricanes and ty- 
phoons. .. . George Washington was born on February ll, 
1731, by the Julian calendar, ... Airplanes are propelled by 
motors and are maintained aloft by the pressure of the air be. 
neath them. ... The kidneys, gall bladder, and heart can be 
studied (by X-rays) by injecting certain dyes such as methy| 
iodide into the blood.... Becquerel, being too busy to follow 
up the [discovery of radioactivity |, detailed the task to a young 
Polish couple, Pierre and Marie Curie. . Most investigators 
believe that light changes silver bromide (AgBr) to di-silyer 
bromide (AgBr).” 

The physical make-up of the book is excellent, with the excep. 
tion of several photographic illustrations, which are indistinct, 
and four star maps which are more confusing than helpful to 
the student searching for constellations. 

In the hands of a capable teacher, this book can be the basis 
of a satisfactory course in physical science. In other hands jt 
would become a mere compendium of the Sunday supplement 
science pages, some subjects treated too fully and others much 
too sketchily. At its author’s institution it is evidently used to 
insure that prospective teachers of secondary-school general 
science are given a course in that subject. Although by implica- 
tion it may be made to do more than this, unfortunately it does 
little more within its own pages. It can be recommended as an 
earnest attempt at a still unscaled height—an adequate text 
covering physical science at the college level. 

EARL W. PHELAN 


Tue Georcia State WomANS COLLEGE 
Vacposta, GEORGIA 


THE SOLUTIONS OF PROBLEMS IN QUANTITATIVE ANALYSIS 
Saul B. Arenson, University of Cincinnati. Edwards Brothers, 
Inc., Ann Arbor, Michigan, 1938. 41 pp. 21.5 X 28 em. 
$0.35. 


This small, lithoprinted book contains three hundred seventy- 
five numerical problems of the type conventionally used in 
courses in elementary quantitative chemical analysis. 

Chapter I is a brief statement covering computations, including 
logarithms (no logarithm table is included, however), significant 
figures, and the plan of giving all answers in three figures without 
a decimal point so that the student must decide where to place it. 
In Chapter II, entitled ‘‘Gravimetric Analysis,’ the problems 
are confined to cases illustrating determinations in which the 
gravimetric measurement is made upon a product separated by 
precipitation. Chapters III, IV, and V include problems dealing 
with titrimetric measurements (by volume only) involving 
neutralization, oxidation-reduction, and precipitation reactions, 
respectively. Each type of problem is introduced by examples 
with suggested methods of solution. In these explanations most 
editors would frown upon the almost ultra-personal style used. 
Also some instructors would prefer omitting any suggestion of the 
inefficient method of solving problems stepwise by proportion. 

In the interest of clearness and accuracy, the reviewer believes 
that items such as the following examples should be changed in 
subsequent editions. Specific gravity and density should be 
differentiated (problems 12, 105). The discussion of gram 
equivalent seems to assume there is only one kind of hydrogen 
and oxygen (page 11). Modern work seems to justify the 
formula (NH4)3{[P(Mo;Ow)s] for the heteropoly complex, am- 
monium molybdiphosphate (problem 47), Zinc ammonium 
phosphate is not hydrated (problem 69). The equivalent weight 
of phosphoric acid is not one-third of the molecular weight unless 
all three hydrogens react; practically, one reacts using methyl 
orange as the indicator, and two react using phenolphthalein 
(problems 89, 177). Therefore, one milliliter of any normal acid 
will not necessarily be equivalent to one milliliter of any normal 
base (problems 112, 129, 130). Since one milliliter of standard 
reactant is always equivalent to a definite amount of the desired 
constituent for a given reaction, the reviewer is convinced that 
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titrimetric calculations are facilitated by using equivalency 
(titer) instead of milliequivalent weight, normality, and nor- 
mality factor (problem 178). On page 24 the impression may 
be left that ‘‘stannous” and ‘‘stannic’’ chlorides react in solution 
as such rather than as the chlorostannite and chlorostannate 
ions, At least the answers to the problems should be appro- 
priately labeled. 

The selection of problems seems to be adequate for the limited 
types Of measurements covered, In number and types of 
problems, as well as in the explanations therefor, the collection 
is less comprehensive than several existing works. 

M. G. MELLON 


Purpure UNIVERSITY 
LAFAYETTE, INDIANA 


PRINCIPLES OF ENGINEERING Economy. Pros LEMS. Eugene L. 
Grant, A.M., C.E., Associate Professor of Economics of Engi- 
neering, Stanford University, American Society of Civil Engi- 

The Ronald Press Co., New York City, 1938. iii + 


neers. 
6 figs. 13.5 K 20.56 em. (Paper back.) $1.00. 


142 pp. 


This is a collection of two hundred ninety-four problems classi- 
fied and arranged in chapters numbered and titled to agree with 
the chapter arrangement of the same author’s book, PRINCIPLES 
or ENGINEERING Economy, reviewed in Industrial and Engineer- 
ing Chemistry, News Edition, 16, 430 (1938), 

The problems are taken from a number of sources, such as 
personal experiences, engineering reports, the technical press, 
and from engineering teachers. There is practically no textual 
matter and answers are not given. Simplified compound interest 
tables are included. 

Irrelevant matter has been freely inserted in the problems to 
assist in giving the student practice in defining the problem, 
something which he misses in the usual oversimplified problem 
and constantly encounters in actual practice. As is obvious from 
the foregoing description, this pamphlet is useful only in the 
teaching of engineering economy, for which purpose it seems ad- 
mirably adapted. 

Frep C. ZEISBERG 


8070 Du Pont BuILpING 
WILMINGTON, DELAWARE 


Tue Scientist 1n Action. William H. George, Royal Society 
Sorby Research Fellow, and Honorary Lecturer in Physics, 
University of Sheffield. Emerson Books, Inc., New York 
City, 1938. 354 pp. 14 K 22cm. $3.00. 


In the preface the author states, ‘‘Science as a body of knowl- 
edge is well known because of the profound effects upon civiliza- 
tion of its application. Science as a type of action, as a way of 
doing things, is almost unknown outside of the research labora- 
Studies of scientific method are common enough, 
but in this book the treatment is strictly scientific, and, therefore, 
throughout, uncompromisingly nonphilosophical.... . Since I 
am noncommittal on the relationship between thought and ac- 
tion, the language of logic is seldom used. The research worker, 
as a pure-reason machine, is abandoned for the idea of a bio- 
logical unit reacting to, and acting upon, an ever-changing en- 
vironment.” 

This markedly biological outline on the scientific method came 
48 a surprise to the author, for in the final chapter he confesses, 
“IT confess that I wrote this book as the result of an attempt to 
clarify my mind on the relationship between experiment and 
theory, and more especially on the relationship between experi- 
mental and mathematical physics..... None could be more 
surprised than I was when this scientific analysis of the problem 
led me to a result so strongly biological. But I now regard the 
contents of Section B of the Proceedings of the Royal Society (that 
section which deals with the biological sciences) as essentially 
relevant to the interpretations of the contents of Section A 
(dealing with the mathematical and physical sciences).”’ 

The major argument in the book is directed toward the estab- 





349 


lishment of the Description or Patterning Theory of Science, as 
opposed to the Absolute Truth or Inner Reality Theory of 
Science. Many epigrammatic statements of scientists through 
the centuries are quoted to support the position taken, and 
Dr. George adds this one of his own, ‘If such words as ‘reality’ 
and ‘existence’ were banished entirely from scientific literature, 
any tears shed by research workers would be tears of joy, not of 
sorrow.” 

The author’s treatment of experimental material from the 
fields of physics, biology, and medicine is well handled, but his 
statements about chemical relationships are less exact. For 
example, any chemical storeroom keeper would take exception 
to the statement on page 185, ‘‘In the stores of a chemical labora- 
tory the bottles of chemicals are usually arranged on the shelves 
according to the periodic classification of the elements.’ And 
most teachers of science will take exception to his sweeping gener 
alization on page 324, ‘‘In so far as 1 have been able to find out 
by observation, inquiry, study of syllabi, examination papers, 
and recommended textbooks, the current practice in universities 
is: (1) Science, but no scientific method, is taught to science 
students, and (2) scientific method, but no science, is taught to a 
small proportion of arts students.” 

Joun R. Samprty 


FURMAN UNIVERSITY 
GREENVILLE, SoutTH CAROLINA 


A Course IN QUALITATIVE ANALYSIS. James E. Belcher and Guy 
Y. Williams. Houghton Mifflin Co., Boston, Massachusetts, 
1938. x + 264 pp. 22.5 K 29cm. Paper $2.00, cloth $2.40, 


The laboratory part of this book is written for either macro or 
semimicro technic, The experiments specify 0.5-ml. samples of 
0.1-molar solutions of the ions, and the instructor is directed to 
multiply this by ten if macro quantities are desired. The authors 
state in the preface that the work is designed for a one-semester 
course, 

The first sixty-four pages are devoted to the theoretical discus 
sion which has become common to qualitative analysis texts. A 
rather unusual inclusion is the section on formulas, compounds, 
and nomenclature which is scarcely more than a summary of that 
in an elementary text. The prefixes “hypo” and ‘meta’ are 
both explained as meaning ‘‘under” or ‘“‘below.”’ The ortho 
phosphates are designated as sodium primary phosphate instead 
of primary sodium phosphate. The portion of the text on reac 
tions, equations, and balancing oxidation reduction equations 
seems a useless repetition. In fact the whole oxidation reduction 
section, including electropotentials, is treated in a very elemen 
tary fashion. The section on ionization introduces the concept of 
the activity coefficient and the Brgnsted-Lowry theory of acids 
and bases. In an apparent effort to avoid conflicts the authors 
employ a single arrow to indicate the dissociation of a strong 
electrolyte and a double arrow for the weak ones, Amphoteri 
substances are indicated as ionizing as both acids and bases ac 
cording to the old conventional system. 

Each section of the theoretical part is followed by an excellent 
set of questions and problems, answers are given for the latter 

The text is well written in an attractive style which the student 
should enjoy and find easy to comprehend. 

Part II of the book is devoted to the laboratory directions and 
is introduced by a section on general technic. The authors show 
an unusual optimism for the centrifuge when they say that com 
plete separation will be accomplished in a few revolutions. 

The cations are separated into the usual groups with a series 
of seven or eight individual tests on each element preceding the 
Organic reagents are given appropriate 


group separations. 
Specific spot reactions are designated 


recognition in the tests. 
in many cases. 
Each treatment is labeled as a test and given a consecutive 


number. For example, under cadmium is Number 45 “Hydrogen 


Sulfide Test,’’ Number 46 “Nitric Acid Test,’’ Number 47 “‘Sul- 
furic Acid Test.” 


The latter are, respectively, to oxidize the 
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sulfide and convert it to a sulfate and cannot be considered tests 
in the usual sense of the word. This may be more or less con- 
fusing until the student becomes adjusted to it. 

The anions are separated into four groups using the reagents 
calcium nitrate, barium nitrate, zinc nitrate, and silver nitrate. 
The soluble anions and nitrates are treated separately. The 
scheme for these, according to the authors, is taken essentially 
from that given in the JoURNAL oF CHEMICAL EpucATION, 12, 
586 (1935). 

Each group separation is followed by a report sheet and a 
question and answer sheet, both of which are arranged for mak- 
ing a carbon copy. 

art IIT gives a systematic outline for both the cations and 
anions and is provided with flow sheets to guide the student 
through the intricacies of the procedure. Even in these com- 
prehensive tables several tests are generally given for each ion. 
It would seem better to designate the test considered the best and 
list the remainder as alternatives, as is done in some cases. Or- 
ganic reagents are frequently used in the confirmatory tests and 
cyanides find several applications. The wisdom of adding KCN 
to acid solutions, especially in large classes, may be questioned. 
The group separations are followed by extensive notes to explain 
the precautions and limitations of the experiment. 

Additional problems and thirty unknown report sheets are 
placed in the back of the book. 

The appendix includes the following: list of apparatus and 
reagents, a summary of reactions and physical constants for the 
anions and cations, and a 1936 table of atomic weights. 

The whole book is carefully arranged and well written. The 
student should find the analytic schemes easy to follow and might 
expect reasonably accurate results. 

The authors are to be complimented on making this contribu- 
tion to the long list of qualitative books. 

C. E. Wuite 

UNIVERSITY OF MARYLAND 

Cotiece ParK, MARYLAND 


INTRODUCTION TO INDUSTRIAL RHEOLOGY. George W. Scolt 
Blair. P. Blakiston’s Son & Co., Inc., Philadelphia, Penna., 
19388. 12 X 18.5cm. $2.25. 

This small book, six by five inches, is the smallest treatise on 
this subject. Mr. Scott Blair has had practical experience with 
the different subjects of which he treats. It is not at all obvious 
that water, the mud used in drilling, asphaltic products, all follow 
independent laws. That Mr. Scott Blair can make this com- 
plicated subject clear in one hundred forty pages of so small a 
format is a distinct advantage to the technical reader because 
the whole subject is reduced to a small compass in fairly easy 
reading. 

EUGENE C. BINGHAM 


LAFAYETTE COLLEGE 
EASTON, PENNSYLVANIA 


GENERAL AND INORGANIC CHEMISTRY. Frederick C. Irwin, B.S., 
Professor of Chemistry, and G. Ray Sherwood, Ph.D., Assistant 
Professor of Chemistry, Wayne University. P. Blakiston’s 
Son & Co., Inc., Philadelphia, Penna., 19389. x + 582 pp. 
95 figs. 14 X 21cm. $3.50. 

A preliminary edition of this book in lithoprinted form was 
reviewed in the JouURNAL OF CHEMICAL EpvucaTION, 15, 348 
(July, 1938). The chapter headings of the present printed edition 
are identical with those of the earlier edition as listed in that re- 
view. This fact along with such statements as ‘‘the production 
of this plant is being increased this year (1937)’’ (page 111) leads 
the reviewer to believe that this is not a revised edition. 

There are few typographical errors. One on page 31 might be 
confusing to beginning students, ‘Potassium nitrate plus heat- 
ing gives potassium nitrate plus oxygen.”’ It seems unnecessary 
to have a spectra plate in black and white (page 366) when there 
is one in colors (facing page 358). A few of the diagrams are 
poor, although in general they are adequate. 

The treatment of most of the topics is brief but fulfils the pur- 


pose of the authors to supply ‘the necessary material for a year of 
college chemistry.” 
GrorGE A, SCHERER 


KARLNAM COLLEOR 
RICHMOND, INDIANA 


PRACTICAL ORGANIC CHEMISTRY. Frederick George Mann, So), 
(Cantab,), D.Sc. (Lond.), F.1.C., and Bernard Charles Sayy. 
ders, M.A., Ph.D, (Cantab.), B.Sc. (Lond.), Second Edition, 
Longmans, Green and Co., New York City, 1939. xiij + 
418 pp. 14 K 22cm. $2.75. 

This laboratory manual of organic chemistry is the second 
edition of a book which appeared in London first in 1936, and in 
its second edition in 1988. It was ‘compiled primarily to cover 
the work required for Part I of the Natural Sciences Tripos at 
Cambridge University, the General B.Sc. course at London Uni. 
versity, and the Pass Degree courses at other Universities.” 

The book is divided into five sections, and each will be con. 
sidered in turn. Part I (thirty-six pages) deals in an elementary 
way with the more common methods and manipulations of the 
organic laboratory. This section is neither extensive enough nor 
detailed enough to make it useful in other than an elementary 
course, 

Part II (one hundred sixty-four pages) consists of directions 
for the preparation of a number of typical organic compounds, 
These preparations have been so selected that they furnish the 
student with a good general picture of the preparative side of 
organic chemistry. Discussion of the generality of the process 
under consideration and of other methods of accomplishing the 
same end are to be found accompanying many of the prepara- 
tions. The preparations have been chosen with an eye to keep- 
ing the cost of starting materials at a minimum. 

-art III (seventy-nine pages) is entitled ‘Reactions and Identi- 
fication of Organic Compounds.”’ In this section is found a dis- 
cussion of the reactions of the more common classes of organic 


compounds, and a scheme for identifying the members of a very 


limited list of substances. This section does not pretend to offer 
a complete course in qualitative organic analysis, but rather to 
present material which should serve as an excellent preparation 
for a more extended course later on. 

Part IV (seventy-seven pages) is devoted to ‘‘Quantitative 
Analysis.’’ Here are described, in the order in which they would 
be applied to a newly discovered substance, the quantitative 
determinations common to the organic laboratory. In addition 
to the usual descriptions of quantitative procedures for elemen- 
tary analysis, and for molecular weight determination, a number 
of other methods are discussed, e. g., the estimation of amino 
acids, of cane sugar, of glucose, of urea, of formaldehyde, of acetyl 
groups, and so forth. This section of the book is particularly 
well done. 

Part V (twenty pages) describes “Simple Enzyme Reactions.” 
This section is of particular importance to premedical students 
and to those who intend to follow biochemistry. Catalysis by 
enzymes is illustrated by simple experiments dealing with a 
lipase, diastase, ptyalin, sucrose, emulsin, zymase, trypsin, urease, 
a dehydrogenase, a peroxidase, and carbonic anhydrase. Experi- 
ments of this kind are given briefest mention in most laboratory 
manuals. We are inclined to think that this innovation is 
worth-while; if it does nothing else, it should impress upon the 
student the fact that an organic reaction can be promoted in 
other ways than by the heat of a burner. 

The balance of the book is taken up by directions for the 
preparation of reagents, for first-aid treatment and by the custom- 
ary tables, which include a four-place table of logarithms. 

If one desires a laboratory manual containing the unique combi- 
nation of experimental work described above, this book can be 
highly recommended. Directions are clear, the experiments are 
well chosen from the standpoint of diversification and economy, 
and there is an adequate discussion of the generality of the proc- 
esses studied. 

NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 
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IRA REMSEN (1846-1927) 


(See “Ira Remsen—Dean of Baltimore Chemists,” pp. 353-60) 














EDITOR’S OUTLOOK 











CONSUMER SCIENCE. It has often been re- 
marked by observers of this passing show that ideas 
survive or revive, whereas labels and slogans continu- 
ally change. 

Much of the current discussion of ‘‘consumer’’ sci- 
ence in general, and ‘‘consumer’’ chemistry in particu- 
lar, is strongly reminiscent of the arguments pro and 
con ‘“‘pandemic’’ chemistry of something like a dec- 
ade ago. Now, as then, one suspects that not all the 
proponents of reform who use the same catchword 
have the same goal in view, and there is obviously 
wide divergence of opinion with regard to the means to 
the end. 

Yet there are certain basic articles of faith to which it 
appears that a majority of the proponents of reform 
subscribe in principle. Fundamental among these is a 
complete denial of the concept of: mental discipline. 
Accessory is the consideration that only such learning 
as is constantly renewed by use or recalled by everyday 
experience has survival value or true utility. 

Some enthusiasts conclude, therefore, that a course in 
“‘consumer’’ chemistry should be a course in the chemis- 
try of everyday objects and of the useful arts. The 
difficulty, of course, is that the chemistry of many 
everyday objects and of many of the useful arts that 
antedate chemistry as a science is imperfectly known 
even to specialists, and that what is known often lends 
itself poorly to the illustration or synthesis of general 
principles that may be applied to situations not covered 
by the textbook. The tendency of “everyday’’ chemis- 
try to degenerate into a third-rate catalog of unrelated 
facts is almost overpowering. 

The extremist thus finds himself in the position of 
the history teacher who demanded an earlier teaching 


period, assigned to mathematics, on the grounds 
that this rather difficult subject required the applica. 
tion of fresh and unfatigued minds. She assured the 
principal and assembled faculty that, as she taught it, 
no subject could be more difficult or confusing than 
history. 

The extremist works himself into a vicious circle by 
assuming at the outset that there can be no mental 
discipline or transfer of learning, and then by teach- 
ing the kind of course that is best calculated to make 
his assumption come true. By neglecting to make 
fundamental principles the groundwork of his course, 
he immediately robs it of any potentialities of general 
applicability it might have. 

A concrete illustration (not purely chemical, it is true) 
may serve to emphasize our point. We have been as- 
sured repeatedly by presumably intelligent adults 
with higher degrees in the arts and non-biological sci- 
ences that a dollar’s worth of one or another household 
antiseptic has the germ-killing power of a cent’s worth 
of phenol. Ergo, said antiseptic, is a poor buy. Of 
course, they were too intelligent to concoct this non 
sequitur for themselves; they had accepted it on poor 
authority. 

One might hope, however, that a truly disciplined 
mind might wonder why phenol was made the basis of 
comparison, that it might by inquiry find out whata 
“phenol coefficient”’ is, and how little may be concluded 
from a direct comparison of phenol with another anti- 
septic, even when several pathological organisms are 
tested. Finally, it might ask, ‘‘Is phenol, after all, a 
suitable household antiseptic?” Sulfuric acid is a 
better germ-killer than phenol, and only slightly more 
objectionable. 





‘ounds 
dplica- 
ad the 
ght it, 
+ than 


cle by 
nental 
teach- 
make 
make 
ourse, 
eneral 


3 true) 
en as- 
adults 
al sci- 
sehold 
worth 
r. Of 
Ss non 
| poor 


plined 
sis of 
hat a 


IRA REMSEN—ERSTWHILE DEAN of 
BALTIMORE CHEMISTS’ 


FREDERICK H. GETMAN 


Stamford, Connecticut 


RA REMSEN was born in New York City on 

February 10, 1846. His father, James Vanderbilt 

Remsen, was a direct descendant of Rem Jansen 
Vanderbeeck who emigrated to America from Holland 
in 1642 and settled in Wallabout, a village formerly 
located within the confines of the present city of 
Brooklyn. Upon the death of Meinheer Vanderbeeck 
his children changed the family name from Vander- 
beeck to Remsen. By affixing to their father’s chris- 
tian name, Rem, the suffic “sen” they sought, in con- 
formity with an old Dutch custom, to honor his 
memory by becoming known thereafter as the “the sons 
of Rem.” Ira Remsen’s mother was Rosanna Secor, 
whose ancestry included both Dutch and French Huge- 
not stock. 

Shortly before young Ira had attained his eighth 
year, his mother’s health began to fail. In the hope 
that an out-of-door life might prove beneficial to his 
wile, Mr. Remsen purchased a farm near Nyack, in 
Rockland County, and removed his family thither. 
The change to the more salubrious conditions of rural 
life failed, however, to produce the desired improvement 
in Mrs. Remsen’s health, and in less than two years 
after taking up her residence in the country she died. 
The motherless lad was sent by his father to live with his 
maternal great-grandparents, the Reverend Doctor and 
Mrs. James Demarest, in the little village of Monsey 
in Rockland County where Doctor Demarest was pastor 
of the Dutch Reformed Church. Doctor Demarest was a 
gentleman and a scholar of the old school, while his wife, 
Elizabeth, was a woman of culture and refinement. 
In the deeply religious atmosphere of the home of 
Dominie Demarest it was but natural that young Ira 
should early have acquired an exceptional familiarity 
with the scriptures, and it is not surprising to learn 
that before he had attained his twelfth year, not only 
had he read the Bible from cover to cover several times, 
but also that he was able to repeat long passages of 
sripture from memory. While it was quite natural 
that a lad not yet in his teens should at times have re- 
beled against this strictly orthodox training and oft- 
times should have found the Calvinistic atmosphere of 
this home a bit oppressive, he nevertheless grew to 
have a real affection for his great-grandfather, an affec- 
tion which deepened with the passage of time. In fact, 


nd 


* Presented before the Division of History of Chemistry at 
le ninety-seventh meeting of the A. C. S., Baltimore, Maryland, 
April 5, 1939. 


in after years Remsen looked back upon his boyhood 
days in Monsey as one of the happiest periods of his 
life. During his residence with his grandparents young 
Ira attended the village school where he received in- 
struction in the usual rudimentary subjects. It was 
in the open fields and adjacent woodlands, however, 
rather than within the school room walls, that the 


IRA REMSEN 


boy's real education commenced. Here his powers of 
observation were quickened and, unconsciously to him- 


self, he acquired an intimate knowledge of the birds, 
the animals, the flowers, and the countless other things 
that come within the ken of a mentally alert boy whose 
happy lot it is to spend his early years in the country. 

In order that his son might have the benefit of the 
better instruction afforded by the city schools, Ira’s 
father eventually brought him back to New York and 
placed him in one of the public schools. At the age of 
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fourteen Ira became a freshman in the New York Free 
Academy—now the College of the City of New York. 
Here he made his first acquaintance with science under 
the instruction of Dr. R. Ogden Doremus whose lec- 
tures embraced the subjects of anatomy, physiology, 
natural philosophy, geology, and astronomy. A course 
of lectures on chemistry was offered weekly thoughout 
the college year by Professor Wolcott Gibbs of Harvard 
College, but, strangely enough, these did not prove par- 
ticularly interesting to Remsen. However, a series of 
popular lectures on chemistry and physics given by Dr. 














Dr. AND Mrs. DEMAREST, IRA REMSEN’S GREAT-GRAND- 
PARENTS 


Doremus at Cooper Institute during the winter months 
did attract Remsen’s attention. These lectures, copi- 
ously illustrated with spectacular experiments, made a 
far greater appeal to the young man than the more 
formal lectures at college, and to them may be ascribed 
his first real interest in the science to which he was later 
to contribute so much. 

Before the completion of his college course Ira’s 
father had decided that his son should enter the medical 
profession. After conferring with the family physician, 
and without consultation with his son, the father in- 
formed the young man of his intentions as to his future 
career. Because of the elder Remsen’s conviction that 
several years of close application to medical studies 
would be necessary before his son would be qualified 
to enter upon the practice of the healing art, Ira was 
taken from college and placed under the tutelage of a 
practicing physician who, in addition to the care of his 
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patients, occupied the chair of chemistry in a loc 
homeopathic medical school. Although the Young 
man’s college course was thus terminated by th 
father’s peremptory decision, the degree of A.B., nun 
pro tunc, was later conferred upon Remsen by the 
College of the City of New York. 

As the student assistant of a busy medical practitioner 
who at the same time was charged with the duty of jp. 
ducting embryonic physicians into the mysteries of 
chemistry, Remsen frequently found himself left alone 
with the responsibility of preparing lecture experiments 
for the next day. While he gained much valuable 
knowledge by this experience, Remsen soon came to 
realize that if he were to become a physician he must 
pursue his medical studies under more favorable condi- 
tions. He therefore resolved, despite the mild protests 














IRA REMSEN AS A STUDENT AT THE COLLEGE OF PRYSI- 
CIANS AND SURGEONS. Her WAS ABOUT NINETEEN AND ONE- 
Har YEARS OLD 


of his father, to enrol himself as a student in the College 
of Physicians and Surgeons. Here he came under the 
instruction of the best medical teachers of the day 
and, in 1867, at the age of twenty-one, he was graduated 
with honors as a Doctor of Medicine. In an address 
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before the Medical and Chirurgical Faculty of Mary- 
land delivered in Baltimore in 1878, Remsen referred 
to his graduation from the medical school in these 
words, ‘Eleven years ago, in company with ninety-nine 
others, I was proclaimed fit to enter upon the career 
of a medical man. My erudition in medical matters 
was exhibited in a thesis on “The Fatty Degeneration 
of the Liver,’ a subject of which I am profoundly 
ignorant. I had, in fact, never seen a liver which had 
undergone fatty degeneration, nor a patient who 
possessed, or was supposed to possess one; nor, I may 
add, have I had that pleasure up to this day.”’ The 
summer vacation following his second year in the 
College of Physicians and Surgeons Remsen spent 
abroad in company with his friend, Phillip Reeder. 
Many of the incidents of this trip are preserved in a 
diary of more than usual interest. Although he was 
oily nineteen years of age, Remsen’s entries in his 
diary are surprisingly mature and many of them 
reveal that keen sense of humor for which he was 
noted throughout his later years. Several pencil 
sketches accompanying the notes afford evidence of 
Remsen’s artistic ability, while his comments on many 
of the paintings in the European galleries reveal that, 
even in his youth, he possessed the genuinely dis- 
criminating eye of an artist. After receiving the 
degree of M.D., Remsen became apprenticed to a 
physician on Irving Place in New York City and for 
about a year was actively engaged in the practice of 
medicine. He soon came to realize his lack of aptitude 
for the profession, however, and yearned to be released 
from its grave responsibilities, The question has been 
raised whether, if the course in medicine, at the time 
Remsen was a student, had been scientifically com- 
parable with that in our best medical schools of today, 
he would have abandoned medicine for chemistry. He 
often referred to this year following his graduation from 
the medical school as a time of critical self-appraisal 
during which he was striving to arrive at a decision as 
to whether he should abandon medicine for some other 
weation. In speaking of this unhappy period he said 
on one occasion, ‘‘In the spare time I had in the early 
part of my medical career—and I had lots of it—I 
visited the studios of some artist friends. After a 
while I thought I would become an artist myself, but 
the National Academy of Design turned down some 
work I had submitted, and I knew that as an artist I 
was a failure.’ How fortunate for the future of 
chemistry in America that those sketches were rejected! 

Finally, during the summer of 1867, Remsen decided 
to abandon further pursuit of a medical career and to 
enter upon the serious study of chemistry. The out- 
standing figure in the chemical world at that time was 
Justus von Liebig, professor of chemistry at the Uni- 
versity of Munich, and to Munich Remsen forthwith 
determined to go. Upon arriving in Munich after a 
long and tiresome journey, Remsen was met with the 
disappointing news that Liebig was no longer receiving 
students in his laboratory and that, except for a course 
of lectures, he would have no opportunity to receive 
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instruction from the great teacher whose fame had lured 
him across the seas. Having arrived in Munich several 
weeks before the date for the formal opening of the 
autumn semester, and being somewhat disheartened by 
his failure to work in Liebig’s laboratory, Remsen, in 
company with a new acquaintance from Chicago, set 
out on a walking trip southward into Italy. This 
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ambitious journey afoot occupied about four weeks, 
during which these husky pedestrians tramped thirty- 
seven miles in a single day when crossing the Alps, via 
the St. Gothard Pass, and covered in the entire trip a 
total distance of more than five hundred miles. Rem- 
sen kept a most entertaining diary of this tour which 
he afterwards sent home to his father. 

Returning to Munich in the best of health, Remsen 
commenced his work at the university, where he came 
under the able laboratory instruction of Jacob Volhard 
and listened to the inspiring lectures of Liebig. Upon 
the completion of his first year at Munich, Volhard ad- 
vised Remsen to go to Géttingen where he would find 
better opportunities to continue his studies under 
Wohler and Fittig. Volhard personally introduced 
Remsen to Wohler who chanced to be paying a visit 
to his old friend Liebig at that time, and it was soon 
arranged that Remsen should make the proposed 
transfer. Under Fittig’s guidance Remsen undertook 
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the study of the constitution of piperic acid. The re- 
sults of this investigation were embodied, in due time, 
in a dissertation, in conformity with the usual academic 
requirements for the doctor’s degree. This disserta- 
tion being duly accepted by the university authorities, 
the degree of Ph.D. was conferred upon Remsen at the 
close of the second semester in 1870. Having com- 
pleted his studies at Géttingen, Remsen was about to 
return to America when Fittig, who had just accepted 
a call to succeed Strecker as professor of chemistry at 
Tiibingen, proposed to Remsen that he should accom- 
pany him as his assistant. This offer was promptly 
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accepted and for the next two years Remsen, acting in 
the capacity of laboratory assistant to his former 
teacher, was privileged to gain valuable didactic ex- 
perience as a member of the teaching staff of a German 
university. Perhaps the most significant event during 
Remsen’s residence at Tiibingen was his meeting with 
Ramsay who came there from England to continue his 
chemical studies. The story of their first meeting and 
the subsequent acquaintance which developed into a 
lifelong friendship is too well known to call for repeti- 
tion in this brief sketch. In referring in after years to 
this first meeting with Ramsay, Remsen used to say, 
“It has always been a source of satisfaction to me that 
it was I who opened the ‘big front door’ for him. This 
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fact gives me a feeling that I have been of some servic¢ 
to chemistry.” 

After spending two years as Fittig’s assistant at 
Tiibingen, Remsen decided that the time had come 
when he must return to his homeland and seek a pogi- 
tion. After four profitable and thoroughly enjoyable 
years in Germany he sailed for home with high hopes 
for the future, and with little or no realization of the 
limited scientific outlook which prevailed in America 
in the early “seventies.” In after years, when writin 
to his friend Edgar F. Smith of this period of his life, 
Remsen referred to the disillusionment following his 
return to his native land in these words, ‘‘In the sum. 
mer of 1872 I returned from Tiibingen. I was out ofa 
job and for some time I wondered what I was going 
to do. There didn’t seem to be an opening in the 
universe.” Then on the same day came two offers, 
one from the University of Georgia and the other from 
Williams College. After careful consideration he de- 
cided to accept the latter and early that autumn he 
entered upon his new duties as professor of physics 
and chemistry in one of New England’s staid institu- 
tions of learning. Here for the next four years Remsen 
taught under conditions which contrasted strangely 
with those under which he had worked abroad. Not- 
withstanding the meagerness of apparatus and equip- 
ment and despite the more or less unsympathetic atti- 
tude of the college authorities toward chemical research, 
Remsen, during his membership on the Williams 
faculty, published nine papers embodying the results 
of original investigations. In addition to his teaching 
and research Remsen also wrote a book on theoretical 
chemistry which became one of the leading textbooks 
of the day. It was while he was a professor at Williams 
that Remsen met, and later married, Miss Elizabeth 
Mallory whose family had been coming to Williamstown 
for some years as summer visitors. 

Shortly after his marriage, Remsen was offered the 
chair of chemistry in the newly established Johns 
Hopkins University in Baltimore. In tendering him 
this post, President Gilman pointed out that emphasis 
was to be placed upon advanced graduate work, that 
the professors were to be encouraged to undertake re- 
search and that the necessary facilities to this end 
were to be supplied so far as the available funds could 
provide. This alluring offer was promptly accepted 
and Remsen soon was enrolled as a member of that 
remarkable coterie of teachers assembled by the genius 
of the university’s first president. In 1877, Remsen 
delivered his first lecture on advanced organic chemistry 
and thus commenced that course of instruction in 
chemical science which ultimately became the accepted 
pattern for American universities. Remsen soon came 
to be recognized as a great teacher. Although he 
achieved well-merited distinction in the field of chemical 
research, it was primarily as a teacher that Remset 
attained his greatest success. While in his teaching he 
followed more or less closely the methods with which he 
had become familiar in the universities of Germany, 
Remsen never hesitated to modify these methods 
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whenever he thought the students’ understanding of 
the subject would be promoted by such modification. 
His lectures to beginners were models of didactic ex- 

sition, and many of his graduate students owe much 
of their later success in their own lecture-rooms to the 
pedagogical training received from attendance upon 
Remsen’s lectures to freshmen. One of his former 
students, in an attempt to appraise his ability as a 
teacher, has pointed out that Remsen’s distinction lay 
not only in the clarity and simplicity of his exposition, 
but also in ‘‘the indescribable way he had of giving 
reality to his subject matter and of arresting and 
holding the attention of his listeners.’’ And yet it is 
extremely doubtful whether Remsen ever received any 
formal instruction in pedagogy, educational psychology, 
or any of the other subjects which today are regarded 
as prime essentials in the training of teachers. He was 
a striking example of the oft-repeated truism that 
“teachers are born and not made.” We can think of 
no more fitting appraisal of Remsen, the teacher, than 
Lowell’s lines on Agassiz, 


“The beauty of his better self lives on 
In minds he touched with fire, in many an eye 
He trained to Truth’s exact severity; 
He was a Teacher; 
Whose living word still stimulates the air.” 


While teaching at Williams College, Remsen had 
been impressed with the fact that few reliable text- 
books on chemistry were available in English, and, 
shortly after entering upon his work at Johns Hopkins, 
he commenced the preparation of a series of chemistry 
texts to supply this deficiency. The demand for these 
books far exceeded his expectations, and not only were 
new editions called for, but foreign publishers sought 
the author’s sanction of translation rights. Thus it 
came about that Remsen’s textbooks soon became 
available in German, French, Russian, Finnish, as well 
as in both Chinese and Japanese. In a letter to his 
friend, Ramsay, written in 1889, Remsen said, ‘“‘I have 
been busy at book-writing for some time past, as you 
know, and my big ‘Inorganic Chemistry’ has just come 
out. I have been astonished at the success of these 
books. I wrote the first of them without any reference 
to Europe, but simply to furnish our students here with 
something a little more rational than the books avail- 
able. Since the appearance of the first ones, the pub- 
lishers have continued to bother me for more, and I 
have yielded to the temptation. Now, however, I 
have finished, and I can devote my attentions to in- 
vestigations without disturbance.” 

When one turns to Remsen’s work as a scientific 
investigator and endeavors to survey the large number 
of papers embodying the researches carried out under 
his direction, one very soon discovers that almost all of 
these investigations were undertaken with a view to 
formulating and confirming a few important generali- 
tations. While working in Fittig’s laboratory in 
Tibingen, Remsen’s scientific curiosity had been 
stimulated by the fact that certain atoms or groups in 
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the molecules of some aromatic derivatives appeared to 
exert a definite influence upon the susceptibility of 
adjacent atoms or groups toward oxidation by different 
oxidizing agents. It was to the further study of this 
phenomenon that he now returned when he entered 
upon his work at Johns Hopkins. As the result of 
numerous investigations carried out by his students, he 
succeeded in establishing the important generalization 
that negative substituents, occupying the ortho-posi- 
tion relative to a side chain, exercise a protective action 
on the latter against oxidation by acidic oxidizing 
agents. On the other hand, when alkaline oxidizing 
agents are used, the ortho-position is usually attacked, 
but not the meta- or para-positions. While a few ex- 
ceptions to this rule were found yet, in the majority of 
cases studied, it was found to be valid. The analogy 
between the constitution of phthalic acid and o-sulfo- 
benzoic acid suggested to Remsen the possibility that 
the latter compound might react with phenols to form 
compounds analogous to the phthaleins. Experiments 
soon proved the correctness of this surmise and, in 
1884, Remsen published the first of a series of papers 
on this new class of substances which he designated by 
the term ‘‘sulphonphthaleins”’ to distinguish them from 
the normal phthaleins, on the one hand, and the thio- 
phthaleins, on the other. In 1894, while studying the 
anilides of o-sulfobenzoic acid, Remsen obtained, by 
the interaction of the acid chloride with aniline, two 
products which, though bearing a close resemblance to 
each other, were definitely not identical. The suspicion 
that these two products might possibly be isomeric 
chlorides was soon proven to be correct, and the veri- 
fication of this fact soon led to the preparation of a 
series of similar isomeric acid chlorides. In 1896, 
Remsen turned his attention to the study of the hy- 
drolysis of the acid amides. In this work he was later 
joined by Dr. E. E. Reid and the outcome of this col- 
laboration was the development of a method for the 
measurement of the rate of hydrolysis of the three nitro- 
benzamides, a method which has since been found to be 
capable of quite general application. In the preface to 
the first edition of his ‘Inorganic Chemistry’ (1889) 
Remsen writes, ‘I may call special attention to the 
way in which the constitution of the so-called double 
salts of the halogens is treated. To those who have 
not carefully looked into the evidence, the formulas 
used will perhaps appear too speculative. I should be 
sorry to err in this direction. For some time past the 
view put forward has seemed to me to be justified, and 
I find that others whose judgment I respect have held 
the same view, at least, in regard to some of the com- 
pounds in question.’’ It was during the preparation 
of this book that Remsen was led to the formulation of 
his well-known generalization that, “‘When a halide of 
any element combines with a halide of an alkali metal 
to form a double salt, the number of molecules of the 
alkali salt which are added to one molecule of the other 
halide is never greater than and is generally less than 
the number of halogen atoms contained in the latter.”’ 
Shortly after Remsen had advanced his theory con- 
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cerning double halide formation, it is related that one 
of his graduate students came to him and stated that, 
‘“‘A man had recently advanced the idea that chlorine 
may have a valence of three or more.” “Well,” said 
Remsen, ‘What do you think of it?” “I think it’s 
absurd,”’ replied the self-confident youth. Whereupon 
Remsen quizzically remarked, “Well, I am that man!” 
Although this was Remsen’s chief contribution in the 
field of inorganic chemistry, the subject of double salts 
never ceased to be of interest to him and when writing 
on the blackboard the formula of a double salt, such as 
PtCl,2KCl, he would frequently pause and remark 
to his class, ‘“That period has for many years been a 
full stop to thought. Don’t let such devices keep you 
from trying to find out what lies behind them.” In 
1881, Remsen’s attention was directed to the conduct 
of finely divided iron toward nitrogen. The results of 
this investigation anticipated by more than thirty 
years the process for the fixation of atmospheric nitrogen 
that was later proposed by Professor Bucher of Brown 
University at the opening of the World War. Chemical 
action in a magnetic field and the conduct of moist 
phosphorus and air toward carbon monoxide were 
other research projects which for a time proved in- 
triguing to Remsen. 

In the early ’80’s while engaged in the study of the 
general problem of the protective action exercised by 
substituents in the ortho-position to side chains, an 
unlooked-for product, possessing exceptional sweetening 
power, was obtained when o-toluene sulfonic acid was 
oxidized under proper conditions. This remarkable 
substance was found to be the anhydride of the o-sulf- 
amide of benzoic acid to which Remsen, for the sake 
of brevity, gave the name benzoic sulfinide. A gradu- 
ate student by the name of Fahlberg, to whom Remsen 
had assigned this particular research problem, quickly 
recognized the financial possibilities inherent in the 
commercial manufacture of benzoic sulfinide, and lost 
no time in seeking for himself exclusive control of its 
future production by securing patent protection for its 
manufacture under the trade name of saccharin. By 
this nefarious act, not only was Remsen debarred from 
participation in any financial benefits which might 
accrue from its manufacture, but what was worse, 
Fahlberg sought to discredit Remsen’s claim to any 
connection with the discovery. This was one of the 
bitterest experiences in Remsen’s professional life. 
That he never wholly forgot the injustice that had been 
done him was revealed by a casual reference to the 
matter during a conversation with one of his students, 
shortly before he resigned from the university. “I did 
not want his money,” Remsen said, “‘but I did feel that 
I ought to have received a little credit for the dis- 
covery.” 

This remarkable sweetening agent has proven to be a 
veritable boon to diabetics, and, furthermore, has pro- 
vided the medical profession with a substitute for sugar 
when prescribing diets for patients where the use of 
cane sugar appears to be contraindicated. The dis- 
covery of saccharin, together with that of the sulfon- 
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phthaleins, which have proven to be invaluable as 
indicators in the conduct of certain pathological studies, 
appear to be the only direct contributions made by 
Remsen to materia medica. Indirectly, however, q 
number of men who received their training under 
Remsen have contributed to the progress of medicine 
through their investigations in the realms of physio. 
logical chemistry and pharmacology. That Remsen 
never completely lost his interest in medicine was eyj. 
denced by his unfailing habit of calling attention in his 
lectures to those compounds which have been found to 
be of value in the treatment of disease. 

In the course of some reminiscences of the early days 
of the Hopkins department of chemistry Remsen 
wrote, ‘‘After we had been working about a year the 
question of publication presented itself. I had up to 
that time been sending my occasional articles to Pro. 
fessor James D. Dana for publication in the American 
Journal of Science, but now the amount of material 
sent by me frightened the editor, and in a short time 
my manuscript was returned with the statement that 
it would be necessary to find some other place to pub- 
lish my articles, as they seemed too highly specialized 
and voluminous for a journal of general science. Pro- 
fessor Dana very kindly suggested that I start a journal 
myself. After corresponding with the leading workers 
in chemistry, with discouraging as well as encouraging 
results, I decided to act upon the suggestion, and early 
in 1879 . . . the first number of the American Chemical 
Journal was issued.’”’ The first number of the journal 
was accorded a hearty welcome by American chemists 
and for the next thirty-five years of its existence it con- 
tinued to occupy a foremost place among the best 
scientific periodicals of the world. Throughout this 
entire time Remsen never relinquished his editorial 
supervision of his journal and, notwithstanding the 
fact that the increasing demands of his many official 
duties necessitated the employment of an assistant, he 
never wholly delegated his editorial duties to other 
hands. In 1915, upon the completion of Volume 50, 
the American Chemical Journal was merged with the 
Journal of the American Chemical Society, this step 
being taken with the founder’s consent and approval. 

In 1901, after twenty-five years of distinguished 
service, Daniel Coit Gilman resigned his office as 
President of the Johns Hopkins University. In view 
of the success with which Dr. Remsen had presided over 
the university on several occasions when President 
Gilman had been abroad, it was quite natural that the 
trustees should turn to him as the logical successor to 
Dr. Gilman. While deeply conscious of the honor thus 
shown him, Remsen was reluctant to give up his work 
as professor of chemistry for a purely administrative 
office. However, after much deliberation he finally 
consented to accept the presidency. While his ad- 
ministration was one of notable achievement, and while 
the removal from the old site to the present beautiful 
location was one among a number of advances initiated 
during his regime, his former students and most of his 
professional associates are universally agreed that when 
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Ira Remsen accepted the office of President of the 
University chemistry at Johns Hopkins suffered an ir- 
reparable loss. That he himself felt his isolation from 
the work he loved was often apparent. Thus, on the 
occasion of one of his cherished visits to the laboratory, 
he exclaimed, ‘‘Frequently when I look across the street 
and see you young men at work, I sigh for the flesh-pots 
of Egypt!” That remark lingers in the memories of 
those who heard it as an expression of ‘‘a feeling of 
sadness and longing”’ almost akin to pain. 

Notwithstanding the great responsibilities which 
devolved upon Remsen as President of Johns Hopkins 
he was ever willing to give of his time and talents to 
worthy local, state, or national projects. Thus, as one 
of Baltimore’s School Commissioners he helped to 
secure better school buildings and did much to promote 
the cause of secondary education in the city. In 1906, 
he was appointed by the mayor of Baltimore to a com- 
mission charged with the task of installing a modern 
sewerage system to supplant the former unsanitary 
system. The superiority of Baltimore’s present sewage 
disposal system is in large measure due to Remsen’s 
influence in guiding the deliberations of the commission. 
One of his associates on the Sewage Commission said of 
Dr. Remsen, some years after the commission had been 
discharged, ‘‘He roused in me the principle, that what- 
ever a man’s limitations may be, some of the talents 
which God has given him should, in part, at least, be 
used for the good of others, and especially for his native 
city, and not entirely for his own personal interests.”’ 
Dr. Remsen also served on the Maryland Good Roads 
Commission and as on the other boards to which he 
was appointed, here likewise he proved a wise coun- 
sellor. 

In 1909, President Theodore Roosevelt appointed 
Remsen to the chairmanship of a referee board to aid 
the Secretary of Agriculture in the settlement of moot 
questions pertaining to the administration of the pure 
food law. The other members of the board, commonly 
known as the ‘‘Remsen Board,’”’ were Dr. R. W. Chit- 
tenden, Dr. J. H. Long, Dr. C. A. Herter, and Dr. A. E. 
Taylor. Dr. Herter died shortly after the board began 
its work and Dr. Theobald Smith was appointed to 
take his place. This board investigated the alleged 
deleterious effects of a number of substances, notably 
saccharin, sodium benzoate, and alum as ingredients 
of baking powders. In nearly every instance, the 
decisions of this board were assailed by the manu- 
facturers who desired to make use of the various con- 
demned substances as preservatives or adulterants in 
their products. The vilification to which the members 
of the referee board were subjected as the result of 
their findings proved very trying, especially to Remsen 
whose sensitive nature smarted under the unjust criti- 
cisms and ‘‘smearing’’ tactics of the press. A clever 
cartoon which appeared at this time pictured Remsen 
as endeavoring to sit down in comfort on a board 
studded with nails, while he soliloquized, ‘‘Why can’t 
I break myself of the habit of sitting on boards?” 

In 1907, Dr. Remsen was honored by being elected 
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President of the National Academy of Sciences, an 
office which he filled with distinction for the next six 
years. In 1902, he became President of the American 
Chemical Society and in the following year was elected 
to the presidency of the American Association for the 
Advancement of Science. Honorary degrees were con- 
ferred upon Remsen by a number of the leading uni- 
versities of America and he was also the recipient of the 
Gold Medal of the Society of Chemical Industry in 
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1908, the Willard Gibbs Medal in 1914, and the Priestley 
Medal in 1923. Upon receiving notification from his 
friend, Edgar F. Smith, of this latter award Remsen 
wrote in reply, ‘‘Naturally I am highly pleased by the 
award and by your kind words. I only wish I had done 
more to deserve the honor. What I have done has 
fallen far short of what I had hoped for. But my 
record is nearly complete and nothing much of value 
is likely to be added to it. It is too late to lose much 
time in vain regrets. It is safe to say that whatever 
one may do one could have done more.”’ 

Ill health and advancing years led Remsen to resign 
from the presidency of Johns Hopkins in 1913. His 
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love of chemistry remained undiminished, however, and, 
with subsequent improvement in his health, he again 
entered actively upon the pursuit of his profession and 
for several years served as consulting chemist to the 
petroleum industry. 

No sketch of the life of Ira Remsen would be com- 
plete that failed to mention his home life. Those who 
were favored as guests within his home found Remsen 
an ideal host and were quick to recognize the depth of 
his affection for his wife and family. Dr. and Mrs. 
Remsen had two sons, Ira, who achieved distinction 
both as a portrait painter and as a playwright, prior to 
his untimely death in 1928, and Charles, who has en- 
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joyed a successful career in the field of surgery. An 
ardent lover of books, reading was one of Remsen’s 
chief pleasures during his leisure hours at home. 
Both Dr. and Mrs. Remsen were extremely fond of 
entertaining their friends, and, after he became Presi- 
dent of the University their home became the scene of 
frequent social functions. On these occasions Dr. 
Remsen proved a most genial host; his keen sense of 
fun and his exceptional gifts as a raconteur kept his 
guests in the happiest of moods. Always fond of out- 
of-door life and a firm believer in physical exercise as 
essential to health, Remsen spent his summer vaca- 
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tions at the seashore where he could enjoy to the fyl 
his favorite sports of swimming and boating. For 
nearly fifteen years the Remsens spent their summers 
in a cottage at Deer Isle. Here Remsen, together with 
his sons, took his share in performing the various 
“chores” connected with the cottage, such as pumping 
water, picking up chips on the beach for kindling, and 
chopping wood. Regularly each morning at seven, 
no matter what the weather might be, Remsen took 
his plunge in the icy water of the Maine coast. These 
summer months at Deer Isle in which he lived a care. 
free life in the exhilarating atmosphere of Maine did 
much to preserve Remsen’s health and vigor. Shortly 
after resigning from the presidency of Johns Hopkins 
Dr. and Mrs. Remsen broke up their home in Balti- 
more, and, with the exception of brief sojourns in New 
York, spent the winter months in California and the 
summer months on the Massachusetts coast. Re. 
markably well preserved for a man of his years, Remsen 
continued to enjoy his daily walks and in his conversa- 
tion showed no sign of declining mental powers. 
Shortly after passing his eighty-first birthday he 
suffered a severe cerebral hemorrhage and a few days 
later, on March 4, 1927, his valiant spirit was released. 
Only a few months before the close of his life Remsen 
read much from Marcus Aurelius. After his death the 
following extract from that sage Roman author was 
found among Remsen’s papers, written in his charac- 
teristically neat handwriting, ‘“Thou hast embarked; 
thou hast made thy voyage; thou hast come to shore; 
step out.” This clearly reveals that Remsen was not 
unaware of the fact that he “‘must soon abjure the balm 
of life.” History records that when Robert Bruce lay 
dying he called for one of his closest friends and asked 
that as soon as he was ‘“‘trespassed out of this world” 
his heart might be removed and buried beneath the altar 
of his beloved Melrose Abbey. We do not know that 
Remsen had ever expressed a wish that his ashes might 
repose within the walls of the building dedicated to the 
science to which he had devoted his life, but it is, 
nevertheless, an eminently fitting tribute to the memory 
of this great teacher that such should have become their 
final resting place and that their presence there should 
symbolize the brooding of his spirit over the labors of 
those who carry forward the work he initiated “into 
the great new realms he must not tread.” 





Oersted would never have made his great discovery of the action of galvanic currents on magnets had he stopped in 
his researches to consider in what manner they could possibly be turned to practical account; and so we should not 
now be able to boast of the wonders done by the electric telegraphs. Indeed, no great law in Natural Philosophy has 
ever been discovered for its practical application, but the instances are innumerable of investigations apparently 
quite useless in this narrow sense of the word which have led to the most valuable results—Lorp KELVIN 
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RELIABILITY of QUALITATIVE 
ANALYSIS PROCEDURES in the 
HANDS of STUDENTS’ 


CARL E. OTTO anp EDNA BISHOP OTTO 


University of Maine, Orono, Maine 


The accuracy with which students detect the varieus 
ions has been determined by compiling the records of the 
reports of six hundred nine students. It 1s shown that, 
while by the usual procedures some tons are found a large 
proportion of the times they are given, others are detected 
relatively poorly. The record of ions incorrectly reported 
present is also given. Possible sources of error are dis- 
cussed. Where procedures have been changed and used 
for a sufficient number of times, the results for the different 
methods have been studied separately. The records show 
that while the procedures may be reliable in the hands of 
experienced analysts, there are weak spots in them for the 
beginning students. Numerous failures cause some 
students to lose faith in qualitative procedures in general 
and resort to guessing. 


~+ + + + + 


HE FACT that the detection of different ions pre- 

sents different degrees of difficulty to students of 

qualitative analysis is well known to all teachers 
and many students of that subject. The existing 
procedures are, beyond doubt, reliable for an experi- 
enced analyst, but the numerous failures that begin- 
ners encounter cause some of them to lose faith and 
conclude that good guessing is better than accurate 
and careful work. In order to determine the accuracy 
with which students detect the various ions, records of 
their reports for the past ten years at the University of 
Maine have been compiled and studied. During this 
time 3707 unknown solutions and 2845 unknown 
solids were analyzed by six hundred nine students who 
were taking their second year of college chemistry. 
About half of these were chemistry or chemical engi- 
neering majors and most of the rest were premedical 
students for whom it was not an absolute requirement. 
Since the number taking the course each year was 
comparatively small the time of collecting the data 
had to be fairly long to get reliable results. 

The conventional scheme of analysis with minor 
changes from year to year was used. Each student an- 
alyzed his first unknown for the silver group only, his 

* Presented before the Division of Chemical Education at 


the ninety-fourth meeting of the A. C. S., Rochester, New York, 
September 6, 1937. 
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second for the silver and copper groups, his third for the 
silver, copper, and tin groups, and so on. Thus, the 
metals of the silver group were present oftener and tested 
for oftener than those of successive groups. The con- 
centration of each ion in the unknown solutions was 
10 mg./ce. 


ACCURACY OF FINDING IONS 


A correct analysis involves two factors, positive 
tests for those ions which are present and negative tests 
for those which are absent. These factors ¥ ill be dis- 
cussed successively. In the unknown solutions com- 
piled here 13,395 cations were given and 11,162 or 
83.3 per cent. were reported correctly. The accuracy 
varied, however, from 56.1 per cent. for zinc to 98.7 
per cent. for mercurous ion, as is shown in Table 1. 
Comparison is also made in this table with studies’ by 
Gilbertson (1) and Heisig (2) and a column showing 


TABLE 1 


Per Cent. oF CATIONS CoRRECTLY REPORTED 





Number Number Per Cent. 
of times of times found Gilbert- Com- 
Cation given found correctly son Heisig bined 
Mercurous 917 905 98.7 97,2 98.1* 
Silver 877 849 96.8 95 98.8 96.7 
Copper 617 570 92.4 95 94.0 94.0 
Nickel 559 516 92.3 94 94.8 93.7 
Cobalt 599 569 95.0 93 90.1 93.0 
Iron 558 516 92.5 94 86.1 92.0 
Lead 869 789 90.8 91 94.4 91.5 
Antimony 264 237 89.8 90 84.2 88.9 
Mercuric 500 445 89.0 (85) 85.9 88.0* 
Manganese 404 331 81.9 91 81.7 86.8 
Strontium 651 548 84.2 83 86.2 84.0 
Ammonium 308 254 82.5 84 84.0 83.9 
Potassium 295 227 77.0 85 84.9 83.7 
Chromium 460 379 82.4 89 74.1 83.4 
Sodium 225 166 73.8 86 79.4 82.8 
Bismuth 604 454 75.2 86 84.1 82.2 
Cadmium 840 624 74.3 81 84.5 78.6 
Calcium 703 611 86.9 77 68.2 78.4 
Aluminum 692 514 74.3 84 71.3 78.2 
Barium 647 449 69.4 78 79.6 75.5 
Arsenic 640 462 72.2 83 68.0 75.3 
Magnesium 255 185 72.6 78 66.7 74.8 
Zinc 574 322 56.1 79 77.5 72.0 
Tin 337 240 71.2 79 54.2 71.1 
Totals 13,395 11,162 
Averages 83.3 86 82.1 





* Gilbertson’s data not included because he does not distinguish the 
valences of mercury. 


the combined weighted data of all three is included. 
It will be noted that the general trend of results is 
similar but that certain differences stand out. The 
percentage of correct results tends to be higher and 
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the spread between the high and low narrower in Gil- 
bertson’s study than in Heisig’s or the present authors’. 
Basis for explaining this difference is lacking. The 
major difference in the schemes of analysis is in the 
case of Group I, which Gilbertson combined with 
Group II, as indicated by Gelbach (3). It will be noted 
that the general trend of results is reversed in this case 
and decidedly higher results are obtained in this and 
Heisig’s study for mercury. The silver percentage is 
also slightly higher. Hence, the procedure separating 
the silver group seems desirable. Another marked 
difference from the general trend is the better results 
for calcium in this study. The percentage is as good 
as that of a certain group of Heisig’s students who used 
sodium carbonate for the second carbonate precipita- 
tion of group IV and much better than that of his 
students as a whole. The senior author’s students 
used ammonium carbonate for both precipitations. 

Gilbertson proposes to compensate for the differ- 
ences in difficulty by using a weighted grading system. 
This seems desirable but difficult to devise. The data 
also indicate the desirability of modifying the scheme 
of analysis to improve the accuracy for certain ions, at 
least for those which are low in all the compilations. 
Heisig has used his data in this manner and shown that 
improvement can be made. It is planned to pursue 
this study further in this laboratory. 

The lowest metal in the combined data is tin. It is 
also low on each list. Besides the possibility mentioned 
by Heisig (2) that it becomes reduced to metallic tin 
by the iron there is also the possibility that after reduc- 
tion to stannous it reoxidizes to stannic before the 
students add the mercuric chloride. This possibility 
has always been stressed in the author’s classes and the 
result is perhaps reflected in the better average obtained 
there. A test in which reduction was unnecessary 
should improve the detection of this metal. 

Next in the list is zinc. During the first five years 
of the study, zinc was separated from chromium by 
precipitation as the basic carbonate. It was found 
thirty-six per cent. of the time. During the last five 
years, chromium was removed as barium chromate and 
the zinc obtained as the sulfide. It was then found 
sixty-seven per cent. of the time. These results show 
definitely that the latter separation, though still poor, 
is the better. The post-precipitation of zinc on copper 
sulfide mentioned by Caldwell and Moyer (4) may also 
reduce the amount of zinc precipitating in Group III 
and thus reduce the probability of finding it. Mag- 
nesium, precipitated as the double phosphate with 
ammonium, tends to remain in supersaturated solution 
and this may be the reason why it is often missed by 
students who are in a hurry. 

The precipitation of pentavalent arsenic by hydrogen 
sulfide is extremely slow under ordinary conditions. 
In spite of cautions about this property many students 
get their first precipitation of arsenic when they are 
boiling the hydrogen sulfide out of the filtrate obtained 
when the Group II precipitate is filtered off. When 
this boiling is not done, either because the remaining 
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groups are not to be tested for or because the student 
thinks he will take a short cut to the precipitation of 
Group III, arsenic is frequently missed and causes 
further trouble with the finding of other metals. 

Barium is probably missed due to oxidation of some 
of the hydrogen sulfide and consequent precipitation 
as barium sulfate along with the precipitates of Groups 
II and III or with the ammonium salts that crystallize 
out when concentrating the Group III filtrate. [t 
gives much less difficulty (missed once in twenty. 
three times given) in unknowns to be analyzed for 
Group IV directly in which no hydrogen sulfide has 
been used. 

Aluminum may be missed because the solution from 
which it is to be precipitated is not made completely 
ammoniacal. Frequently the author has found stu- 
dents passing up a precipitate of aluminum hydroxide 
because they did not stir enough after the addition of 
the ammonium hydroxide, were judging the alkalinity 
by the odor of the top layer of the solution, and did 
not look closely enough to see the almost colorless 
precipitate in the neutral zone. The substitution of 
the aluminon for the cobalt nitrate confirmatory test 
for aluminum, contrary to expectations, has not 
materially changed the percentage of times this metal 
was found correctly. Separate compilations for the 
periods (the first and last five years) when each test 
was used, show the insignificant change, and a reduc- 
tion at that, from seventy-three per cent. to seventy- 
two per cent. 

Calcium was found fairly well by the senior author's 
students, but is low in the combined list. The reason 
for this is unknown, for no novel procedure was used. 
Ammonium carbonate was used for both carbonate 
precipitations in Group IV. As will be shown later the 
detection of calcium in solid salts by the senior author's 
students is not remarkably high. 

The confirmatory test for cadmium is often obscured 
by black sulfides of metals which should have been, 
but were not, previously removed. The supplementary 
procedure recommended by many authors, as for in- 
stance Curtman (5), does not always clear up this 
trouble. It may be that metals of Group III have not 
been thoroughly washed from the Group II precipi- 
tate. The missing of cadmium may also be due to 
incorrect acidity preventing its precipitation in the 
Group II precipitate. 

Finally sodium should be mentioned. Although its 
combined average is fair its percentagés in two of the 
studies were low. In this laboratory it has been con- 
firmed both by flame test and by precipitation as the 
pyroantimoniate. Students knew the flame test was 
not wholly dependable because it could be given by 
impurities inadvertently admitted. The precipitation 
test was often obscured by the precipitation of other 
metals which had not been correctly and completely 
separated. Therefore, they frequently resorted to 
guessing. These facts also account for some of the 
many ‘‘extra’’ reports of sodium. 

It may be noted that all the colored ions are well 
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detected. Considering that except for certain mixtures 
of cobalt and nickel their colors are clearly visible in 
concentrations of 10 mg./cc. it is strange that they are 
missed at all. (Perhaps some students, finding only 
colorless ions in a colored unknown, think, if they 
think at all, that the instructor is trying to fool them 
by adding a dye.) The colored ion with the poorest 
percentage is chromium and this metal was found 
much better in this (and in Gilbertson’s) study than 
in Heisig’s. This may be due to the senior author’s 
continual stressing of the necessity of decomposing all 
sodium peroxide before acidifying, preceding the pre- 
cipitation of aluminum. 


REPORTING OF EXTRA IONS 


The percentage of ‘incorrect finds’’ has been calcu- 
lated by subtracting the number of times an ion was 
given from the number of times it was tested for and 
dividing this into the number of times it was reported 
when it was not present. Thus, it was possible for a 


TABLE 2 
Per Cent. or CATIONS INCORRECTLY REPORTED 
Number Number Per cent. 

of times of limes found Gilbert- Com- 

Cation absent reported incorrectly son Heisig bined 
Silver 2830 15 0.53 0.4 Bul 0.59 
Mercurous 2790 36 1.29 0.7 1.21 
Copper 2525 35 1.39 1.0 1.5 1.40 
Barium 1065 29 2.72 3.3 ral 1.86 
Chromium 1829 30 1.64 1.3 2.2 1.89 
Cadmium 2302 35 1,52 2.9 3.0 1.96 
Cobalt 1690 53 3.14 3.3 2.4 2.86 
Lead 2838 66 2.33 3.5 5.0 3.08 
Manganese 1885 63 3.34 2.3 2.8 3.13 
Mercuric 2642 56 2.12 (2.8) 7.0 3.39 
Bismuth 2038 64 3.14 3.3 §.7 3.94 
Strontium 1061 37 3.49 4.2 4.3 3.96 
Antimony 2601 76 2.92 3.5 7.9 4.30 
Nickel 1730 61 3.53 1.5 5.7 4.38 
Tin 2528 106 4.20 2.6 5.9 4.64 
Arsenic 2225 108 4.85 6.1 9.7 6.30 
Ammonium 826 114 13.8 4.0 1.5 6.50 
Zine 1715 146 8.51 7.4 9.3 8.84 
Calcium 1009 121 12.0 3.2 6.5 8.89 

Aluminum 1597 134 8.40 6.3 14.5 11.1 
Iron 1731 198 11.4 5.2 12.0 p> ee 

Magnesium 879 87 9.90 Fae 20.3 16.4 
Potassium 839 117 13.9 11.8 20.6 17.9 
Sodium 909 233 25.7 12.0 19.9 22.6 

Totals 44,084 2,020 145.8 100.0 170.6 


metal of the silver group to be present in any of the 
3707 unknowns included in this study. Silver was 
present eight hundred seventy-seven times and there- 
fore it was absent and might have been reported in- 
correctly 2830 times. It was actually reported extra 
fifteen times or 0.53 per cent. of the times it might 
have been. Summing them all up, 2020 ions were 
incorrectly reported present out of the 44,084 times 
they were absent. The results are recorded in Table 2. 
Direct comparison with Heisig’s data can be made 
and the combination of it with the present is shown in 
the last column. Only indirect comparison with 
Gilbertson’s results can be made since he treated his 
negative results in a different manner. The percent- 
ages he gives are those of the times an ion was re- 
ported extra compared to the total extra. This method 
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of calculating percentages does not give a true picture 
of the situation for strontium reported incorrectly 
thirty-seven times (the author’s data) out of a possi- 
ble 1061 is definitely worse than mercuric ion reported 
incorrectly fifty-six times out of a possible 2642. But, 
it will be noted again that the general trends are similar. 
The negative, as well as the positive results for mercury 
are better in this study, giving further evidence of the 
desirability of the separate silver group. 

Sodium is found oftener when it is not present than 
other metals. This is probably due to the indecisive- 
ness of the tests as mentioned before and to the great 
danger of contamination by this metal. This may also 
explain the numerous extra reports of iron for a speck 
of iron rust falling into the student’s solution would be 
sufficient to give him a beautiful test for iron. Also the 
incomplete reduction of manganese or the incomplete 
separation of cobalt or nickel would, with potassium 
ferrocyanide, give tests more or less resembling that of 
iron. The extra reports of potassium are likely due to 
incomplete volatilization of the ammonium salts which 
would give precipitates very similar to that of potas- 
sium. The extra reporting of ammonium which is 
considerably worse in the present study than in the 
others may be explained by the extreme sensitivity of 
the litmus or Nessler’s reagent tests and the likelihood 
of ammonia fumes in the laboratory air. These may 
get into the stock unknown solutions, deposit around 
the stopper and contaminate the student’s portion as 
it is poured out, or affect the test at the time the 
student is making it since nearby students might be 
evaporating solutions containing ammonium salts to 
dryness at the same time. While they are told to volatil- 
ize these salts in the hoods, there is insufficient space 
there for the students to use them also for the longer 
time needed for the preceding evaporation. There- 
fore, they carry out this first operation at their desks 
and often do not notice, while working at something 
else, that evaporation is finished and ignition begun. 
Even when liberated in the hood, fumes are sometimes 
seen emerging from cracks in the upper part of the 
hood. It has been noticed frequently that calcium is 
reported when strontium is missed. The similarity of 
their flame tests doubtless contributes to the error when 
strontium is not found and not eliminated before 
testing for calcium. Magnesium is doubtless reported 
incorrectly so many times because practically all 
metals will precipitate as phosphate in alkaline solu- 
tion and if they have not been removed at the proper 
places they will give a precipitate (not crystalline, it is 
true) which the student mistakes for magnesium. 
Aluminum is often reported extra when zinc is missed 
and is probably due to the use of insufficient ammonium 
hydroxide to redissolve the zinc hydroxide. The lack 
of ammonium hydroxide may also leave aluminum in- 
completely precipitated and this may give false evidence 
of the presence of zinc. Better tests for all these ions 
are needed. It may be noted that except for iron no 
colored ions are included in this list that are found 
extra so frequently. 
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ANALYSIS OF SOLID UNKNOWNS 


After analyzing a number of solutions for their metal 
content, the students were given solid unknowns, 
usually one alloy, two or three single salts, and two 
mixtures, in which to detect both cations and anions. 
Some of the salts were soluble in water, some in acids, 
and some required more strenuous treatment. The 
six hundred nine students, whose records were studied, 
analyzed four hundred fifty alloys and 3395 salts and 
mixtures. The correctness of their reports is portrayed 
in Tables 3 and 4. Gilbertson also made a study of 
reports on a limited number of anions. It was not 
stated whether these were given as solutions or solids, 
and his data are not incorporated or combined with the 
authors’. 

The metals in Table 3 are in the same order as in 
Table 1, in order to compare more clearly the accuracy 
of finding the ions in the solution and in the solid state. 


TABLE 3 
Per CENT. oF CATIONS CORRECTLY AND INCORRECTLY REPORTED IN SOLID 
UNKNowNS (SALTS AND ALLoys) 


Number Per cent. 
of times found in- 
reported correcily 


0.18 


Number 
of times 
absent 


3820 
3818 
3656 
3557 
3698 
3574 
3509 
3710 
3777 
3645 
3644 
3305 
3030 
3644 
3264 
3598 
3630 
3501 
3430 
3616 
3768 
3552 
3466 
3512 


85,724 


Per cent. 
found 
correctly 


Number 
of times 
Sound 


Number 
of times 


Cation present 


Mercurous 25, 19 
Silver 27 27 
Copper 489 440 
Nickel 288 237 
Cobalt 147 140 
Iron 271 231 
Lead 336 247 
Antimony 135 101 
Mercuric 68 55 
Manganese 200 138 
Strontium 201 134 
Ammonium 540 385 
Potassium 815 537 
Chromium 201 143 
Sodium 581 379 
Bismuth 247 201 
Cadmium 215 171 
Calcium 344 217 
Aluminum 415 294 
Barium 229 148 
Arsenic 77 61 
Magnesium 293 157 
Zinc 379 262 
Tin 333 215 
Totals 6,807 4,988 
Average 73.3 


NHOWNDHORwOMOWNODONwWWwWOS:, 
CHYNOHWNORMOUNSCOCOMNHOHOS 


1357 
Average 1. 


It is seen that the percentage found correctly is gener- 
ally lower, in spite of the fact that more material was 
available to the student and that he has had more 
practice with the scheme of analysis. The order of the 
percentages is roughly the same, but mercurous has 
fallen from its leading position. A thought may occur 
that the student in dissolving the solid may oxidize it 
and find mercuric, and it is true that mercuric is fre- 
quently reported when mercurous has been given. The 
small number of cases may also have some bearing on 
the accuracy shown. It may be noted that tin and 
zinc are again near the bottom of the list, but mag- 
nesium and calcium have become much worse. 

In the incorrect reporting of ions that were not given, 
sodium and potassium are again the worst, and indeed 
the order of all the metals is very much the same. The 
numerical values are, however, much smaller, due, 
perhaps, to less chance of contamination ‘before issuing 
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to student, to the fact that many of the unknowns were 
single salts and the students, knowing that only a 
small number of ions was probable in these, chose more 
carefully the ions for which they got the best tests, or 
to some other unknown factor. 

The accuracy of finding anions in the solid salts and 
mixtures is shown in Table 4. These are arranged in 
the order of the percentage found correctly. It is 
seen that several of the anions, including some of the 


TABLE 4 


Per Cent. oF ANIONS CORRECTLY AND INCORRECTLY REPORTED IN Soup 
UNKNOWNS 


Number 
of times 
absent 

3378 17 


3382 1 
3252 12 


Number Per cent. 
of times found in- 
reported correctly 


Number Per cent. 
found 
correctly 


Number 
of times of times 
Anion present found 


Thiosulfate Dir g 17 
Dichromate 13 12 
Chromate 143 131 
Permanganate 11 10 3384 0 
Ferricyanide 30 26 3365 8 
Sulfate 745 2650 105 
Phosphate 2979 86 
Arsenite 3359 
Ferrocyanide 3355 
Nitrite 3376 
Iodide 3280 
Sulfide 3264 
Chloride 2822 
Arsenate 3317 
Bromide 3320 
Tartrate 3268 
Carbonate 2946 
Thiocyanate 3389 
Oxalate 3063 
Silicate 3294 
Borate 3292 
Cyanide 3332 
Nitrate 3026 
Chlorate 3366 
Antimonite 3383 
Phosphite 3380 
Acetate 3292 
Sulfite 3315 
Fluoride 3312 
Iodate 3390 

Totals 97,531 


Average 71.8 Average 1.00 


more common ones, are very poorly detected. If these 
results are representative of all classes of this caliber, 
the tests for fluoride, sulfite, acetate, chlorate, nitrate, 
cyanide, and borate, need to be made decidedly more 
sure, and others could stand improvement. Gilbert- 
son’s study, which showed less spread than the authors’, 
also indicated the need for improved methods. 

To correlate the accuracy of reports with the pro- 
cedure used, Table 5 shows the results by years for 
those anions given a sufficient number of times for this 
treatment to be significant. In the first four years, the 
senior author’s own text in mimeographed form was used, 
in 1930 Scott’s “Qualitative Chemical Analysis’ (6), 


TABLE 5 
Per Cent. or ANIONS FouND CORRECTLY FOR INDIVIDUAL YEARS 


Year Carbonate Chloride Nitrate Oxalate Phosphate Sulfate 


1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
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and from 1931 to 1935, inclusive, Curtman’s “Qualita- 
tive Chemical Analysis’’ (cf. reference 5). 

Carbonate shows a decided improvement in 1931 and 
remains fair thereafter. Yet, the only change of pro- 
cedure was the use of lime water in 1930 and barium 
hydroxide solution other years to absorb the gas 
liberated with HCl. The reason for the improvement is 
therefore obscure. 

The detection of chloride is also better in the last 
five years. When present alone, all methods of detec- 
tion were the same. When mixed with simple or com- 
plex cyanides or other halides, the methods were 
different. In 1926-29 the chromyl chloride test was 
used. In 1930 the cyanides were removed by oxidation 
with HNOs;, or by heating the silver precipitate to 
redness, and the halogens, after resolution of the resi- 
due, by successive oxidations with ferric salts and 
potassium permanganate. In 1931-35 the cyanides 
(except CNS) were precipitated with cobalt nitrate, 
iodide, and bromide oxidized with hydrogen peroxide 
and nitric acid, and thiocyanate removed by ignition. 
Chloride was tested for then with silver nitrate. 

Nitrate is far better in 1930 than before or after. 
The brown ring test, after removal of interfering ions 
in various ways, was used in that year. Reduction to 
ammonia with zinc and sodium hydroxide, supple- 
mented by other tests to eliminate nitrite, was used 
before that and the evolution of NO, with copper and 
18 N H2SO, (after interfering anions had been removed) 
after that. The superiority of the brown ring test is 


thus demonstrated. 

Oxalate was precipitated with calcium sulfate solu- 
tion in the period 1926-29 and also in 1930, and with 
calcium chloride thereafter. 


All schemes confirmed the 
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presence of oxalate in the precipitate by its decolorizing 
of acidified potassium permanganate solution. While 
there is variation in the accuracy of finding oxalate, 
this is not correlated with the use of any one textbook. 

The molybdate test was used throughout as the con- 
firmatory test for phosphate and the only difference 
that can be found to account for the low accuracy in 
1930 is in the preliminary test for the barium chloride 
group of anions, since in that year, after precipitation 
of certain anions with calcium chloride in an acetate 
buffered solution, phosphate and certain other anions 
were precipitated with barium hydroxide solution and 
in the other years it was precipitated with the group 
as a whole, with barium chloride and calcium chloride 
in a solution made just alkaline with ammonium 
hydroxide. It seems possible that in 1930 phosphate 
might have precipitated before it was expected to in 
the preliminary test and thus escaped detection. 

The procedure for detecting sulfates, that is, barium 
chloride in acid solutions, was the same for all the years 
and although the accuracy shown is somewhat better 
in the period 1931-35, it is generally quite good through- 
out and hence this test is satisfactory. 

The other anions were not given sufficiently often to 
bear separate yearly treatment. They were not 
decidedly worse in one period than in another, and 
hence those with low accuracy need other means of 
detection than those used in the three texts. 


CONCLUSIONS 


A study of the results obtained by students in 
qualitative analysis shows the desirability of changing 
the procedure in order to improve both the positive and 
negative tests for certain ions. 





(4) CALDWELL, J. R. AND H. V. Mover, ‘‘The use of crotonalde- 
hyde to reduce the postprecipitation of zinc on copper sul- 
phide,’”’ J. Am. Chem. Soc., 59, 90 (1937). 

(5) Curtman, L. J., ‘‘Qualitative chemical analysis,’ The 
Macmillan Company, New York City, 1931, p. 317, note 
10. 

(6) Scott, W. W., “Qualitative chemical analysis,” 5th ed., D. 
van Nostrand Co., New York City, 1928, 264 pp. 











My success as a man of science, whatever this may have amounted to, has been determined, as far as I can judge, 


by complex and diversified mental qualities and conditions. Of these, the most important have been—the love of 
science, unbounded patience in long reflecting over any subject, industry in observing and collecting facts, and a fair 
share of invention as well as of common sense. With such moderate abilities as I possess, it is truly surprising that 


I should have influenced to a considerable extent the belief of scientific men on some important points.—DARWIN 
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BOYLE’sS Law! 


UR first problem is to derive the expression for 

the pressure exerted on the walls of the contain- 

ing vessel by the impacts of molecules, taking 

account of the fact that a molecule may approach the 

wall from any direction at any velocity. For this 

purpose we first determine the distribution of velocities 

with respect to direction at any point O in the interior 
of the gas. 

Erect a rectangular codérdinate system about the 

point O. Construct a circle of unit radius in the YZ 


x 


iG 








x! 
FIGURE 1 


plane with O as center. Construct semicircles (sup- 





posed to be infinitesimally separated) of unit radius 
terminating on the X-axis and cutting the circle at E 
and F, respectively. Connect these semicircles by 
arcs AB and CD drawn in planes parallel to the YZ 
plane. We wish to know the chance that a molecule at 
O is so directed that it will pass through the area 
ABCD (see Figure 1). 


Let 
LYOE = @ 
ZEOF = do = EF (in radians, the radius being 
unity) 
ZGOC = 6 
ZBOC = d = BC 
a ae 
EF ~ OF ge i 





1 JELLINEK, “Lehrbuch der Physikalischen Chemie,’ F. Enke, 
Stuttgart, Germany, 1936, Vol. I, p. 153. 
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CG ; 
CD = on EF = sin 6 dd 
Area ABCD = BC-CD 
= sin 6 ddd 


Since all directions are equally probable, the chance 
that the molecule is to pass through the area ABCD 
is the ratio of this area to the total area of the sphere 
(of unit radius) 


= sin 6 dédd 
W 4 = oa 


This is also the fraction of molecules starting from 0 
which would pass through ABCD. 

We next calculate the number of molecules which 
will strike unit surface of the container in unit-time 
coming from a particular direction defined by 6 and 4, 
with velocities between c and c + dc. Construct a 
prism of unit base inclined at an angle @ to the vertical, 
and turned through an angle ¢. Its side length is. 
The base is supposed to rest on the wall of the con- 
tainer. The volume of this prism is c cos @ (the alti- 
tude times the base, which is unity). Al! molecules 
in this prism with velocities between c and c + dc 
directed at angles between 6 and 6 + dé, and ¢ and ¢ + 
d¢ will strike the unit surface in unit-time. (Strictly 
we should say, ‘‘all molecules or their substitutes 
arising from collision.’’) 

If 


total number of molecules 


N 
V total volume 


Wil 


there will be 


c cos 6 


ay 


molecules in the prism, of which the number 


c cos 6 


dN. V 


have velocities between c and c + dc. Of these, the 
fraction 
sin 6 déd@ 
4dr 


has velocities directed as required. The number of 
molecules of velocities between c and c + dc from the 
required directions striking unit surface in unit-time is 
then 


ccos@ sin 6 déd¢ 
V 4 





aN. 


The resulting pressure is obtained as follows. For 
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the wall is 

c cos 6 
To this corresponds a momentum change on collision 
with the surface of 


2mc cos 0 


Multiplying this by the number of molecules of the 
required kind striking unit surface in unit-time, we 
obtain for the contribution of these to the pressure 


c cos 6 sin 6 déd¢ 


= 2mc cos 0-dN, a 7 





apap 


= oe palas 2 
aN. anv ° sin @ cos? 6déd 


Integrating for all directions 


rw ae TF 2 aded 
Pe = eae sin 0 cos? 6dédp 
2rV 6=0 =0 
With respect to ¢ 
24 
S de = 2r 


0 
: me */2 ; 
dpe = dN. aa JS’ sin 6 cos* 0d0 
0 


With respect to 6 
dcos@ = -—sin 6d0 
sin 0 cos? 6d9 = —cos? 6d cos 0 


JS cos? 6d cos 8 = 1/3 cos? 6 








6 = x/2, cos6 = 0; 
6=0, cos?=1, cos?#@ = 1 
gy (0(@ = /2) 
sin 6 cos? 640 = —1/3| cos® 0 = +1/ 
J. fs I1(0 = 0) ’ 
Whence 
mc? 
dp. = 3V dN. 
S dN, 
_ mr san = Nmo 
apt oh = 37 —F 
_ Nm. 
" 3 ° 
Since by observation 
pV = nRT 
1/;Nmc,? = nRT 
1/3mc,? ™ kT 


(k = gas constant per molecule) 


a fat 
™m™ 


any molecule, the component of velocity normal to 
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Heat Capacity of a Monatomic Gas.—If the change in 
energy of a monatomic gas with temperature is due 
solely to the change in translational energy, the heat 
capacity at constant volume should be simply 


1/2Nomc* 
eit Lh cl 


cv T - 3/2R 


as is known to be the case. (No = 6.06 X 1078; R 
= 1.9885 cals./mole/degree C.) 

Rate of Collision of Molecules with a Surface-—The 
total number of molecules striking unit surface in unit- 
time is found as follows. 

We had for the number of molecules of velocity be- 
tween c and c + dc directed at angles between @ and 
6+ d6é, and ¢ and ¢ + dd 
c cos@ sin @ déd¢d 


dvag = dN, V re 





These molecules will strike unit surface in unit- 
time. To obtain the total number we first integrate 
with respect to @ and @ 

C 6=2/2 o=2 : 
dy, = dN. > J, PN 6 cos 6 did 
With respect to ¢ 
2r 








B i do = 2r 
0 
With respect to @ 
6=2/2 = /2 
JS sin @ cos 0d9 =| '/2 sin? @ my 
6=0 =0 
¢6=0, sind = 0, '/2sin?6=0 


6=7/2,sing = 1, '/2sin?@ = 1/2 
cos 6d = dsin#@ 











6 = x/2 ( 
\/, sin? 8 ='/, 
¢é=0 
Thus 
du = aN, —-9e'"/s 
c e 4nV - 
1 
le cdN.- 
Ene JS aN. 
sala 1‘ cdN. = 1/ pk ee 
a is re 
N SkT 
sors Wiesmann Nas 8kT 
V V ™m 
y= AY ; N molecules per cm.? per. sec., 
24M J 


when R is expressed in ergs per degree 
(R = 8.316 X 10° ergs per degree) 


This quantity, v, is also the number of molecules 


This result has already been used in introducing J per second crossing unit area of any imaginary bound- 


into the expression for velocity distribution. 





ary within the body of the gas in one direction. 
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Collisions between Molecules.»—Our next problem 
is to determine the total number of collisions occurring 
between the molecules of a gas, taking into account 
the Maxwellian distribution of velocities. 

Consider two molecules of fixed diameter o in col- 
lision. At the instant of collision the center of either 


KG 


molecule must lie somewhere on the surface of a sphere 

of radius o drawn around the center of the. other 
molecule (see Figure 2). 

Let us think now of collisions in terms of the direction 

of approach of the two molecules with respect to the 

line joining their centers at 

collision. Let the angle 

between relative velocity 

and line of centers be @. 

By way of illustration we 

may represent two limiting 


cases. If the angle is zero, 
we have a “head-on” col- 
+ lision (see Figure 3). 


If the angle is 90° we 
have a “grazing”’ collision 
(see Figure 4). For inter- 
mediate values (see Figure 
5) suppose the angle lies 
between @ and @ + dé. 
Then the center of the one 
molecule meets the surface of a sphere of radius o 
drawn around the center of the other molecule some- 
where on a ring (see Figure 6). 

The radius of this ring is o sin 6. Its circumference 
is 2ra0 sin @. Its breadth is od@. Its area is therefore 


2xro sin 6-0d8 = 2xo* sin 6d0 


FIGURE 3 


Let r be the velocity of the one molecule relative to 
the other: The rate of ap- 
proach of the centers is de- 
termined by the component 
of this relative velocity 
parallel to the line of cen- 
ters. This is r cos @ (see 
Figure 7). 

Now if the one molecule 
is to collide with the other 


2 TOLMAN, 





“Statistical me- 


chanics,’’ Chemical Catalog Co., 
New York City, 1927, p. 68. 


FIGURE 4 
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in time di, the center of the one molecule must lie in 
volume whose base is the ring of area 


2ro* sin 6d0 
and whose thickness is 7 cos 6dt. This volume is 
29ro* sin 6d0-r cos Odi 


If there are a total of NV 
molecules, the volume be- 
comes 


2Nrxeo? sin 6d0-r cos Odi 


o 
\o 


\) 





Be 
If the total volume is V, the 
chance that the molecule 
actually does lie in the 
above volume is the ratio 
F 5 
2 = sin 6d0-r cos 6dt ein 


V 


or if N/V = n, the number of molecules per unit 
volume, the chance is 


2nxo* sin 0d0-r cos Odt 


This is the chance that the one molecule collides with 
some other in the time d¢ when the relative velocity is 
r. The number of collisions in unit-time is obtained 
by summing up these individual chances over the 


a 


Le 


FIGURE 6 


corresponding period, that is, by integrating the above 
expression with respect to ¢ between 0 and 1. Whence 
the number of collisions is 


{pas} 


2nxo* sin 6d0-r cos 0 


or 
2nxo*%r sin 6 cos 6d0 


We next need to know the fraction of all collisions 
in which the relative velocity 7 lies between r and f 
+ dr. ris a function of the velocity components of 
the two molecules concerned, 1 v7; Ww; and Ue v2 Ur 
Let 

2 — tm = 8B 
a Py 


W—- We 
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lie in a 


—_———— 





FIGURE 7 


pm B2+ y? + e = (ug — m1)? + (2 — m1)? + (W2 — wm)? 























unit = tn? + v2? + we? + my? + 4? + wi? — Zug — 2m, — 
Zw 
Also let 
with us + ts = i : 
bes 2 
ty is 
‘ined YN + U% Lt 
the ies 
2-5... 
2 
(See Figure 8.) A, w, and y are the velocity compo- 
nents of the center of gravity of the two molecules. If 
gis the velocity of the center of gravity 
ie i+ pt +e (a3*)' + (23*)' + (4$*)' 
2 2 2 
= 1/4(ug? + 02? + we? + uy? + 1? 4 wi? + 2m, + 
202 + Zwiwe) 
Then 
V/ar® 4- 2g? = 0? + 04? + wi? + ua? + v2? + wy? 
The chance that the two molecules have simultane- 
oe ously velocity components in the ranges u, and u, + 
ice 
{ 
Z | | 
ns ie ' ' 
r f7 | | 
of Vv Vo * 
he 
W 


FIGURE 8 


duy, and so forth, and uw, and ue + du, and so forth, 
is the product of the independent probabilities 





U12-+042-+-012+422+092-+ 9? 


a’ dududwdudoduy 





-———e 
ax? 


In place of [du, dv, dw,] and (du, dv, dw,] we may 
write d§ dy de and dd dy dy since there is no change 
in the volume-elements. (The dimensions of the co- 
ordinate systems are the same.) Further, since we 


@ 


FIGURE 9 


wish to consider all directions for the relative velocity 
and for the velocity of the center of gravity, we sub- 
stitute 4rr’dr for dB dy de and 4rg*dg for dd dy dy. 
Then substituting '/.r? + 2g? in the exponent, we ob- 
tain 

tar? + 2g? 
e der tdr-4argtdg 


aa3 


or 
tart + 2g2 
a rgtdrdg 





pa 
a'r . 
This is the chance that for a pair of molecules r lies 
between r and r + dr, and g lies between g and g 
+ dg. We are not interested in the velocity, g, of 


the center of gravity and may at once eliminate it by 
integrating over all values.’ 


a : Ic 
OP ote 2) Oe 
for en ty 


whence we obtain 











1/or? = 
1 eer 2 a |x 
aa e r*dr. 3 5 
or 
1/er? 
3 —e © rd 
a8\/ Qe 


for the chance that the relative velocity lies between 
rand r + dr. 

Multiplying the above by the number of collisions 
when the relative velocity is r, we obtain 


1/ey2 


dZoy a dr-2nxo% sin @ cos 648 


2 
" at) ax 


3 JEANS, ‘“‘Dynamical theory of gases,” 4th ed., Cambridge 
University Press, Cambridge, England, 1925, Appendix A. 














ie 1/or2 
x no* ce “a? 
. 4/ 2a? 
for the number of collisions when 7 is between r and r + 
dr and @ is between 6 and @ + dé. 


Integrating with respect to @ between 0 and 7/2 
(90°) 


r’ sin @ cos @ drdé 


{cos 6d@ = d sin 6} 


O=x/2 





JS sin @ cos 6d0 = 
6=0 
6=x/2 |\6 = 7/2 
ey sin 6d sin 6 | = 1/2 sin? @ | = 1/, 
6=0 6 = 0 
¢6=0 sin@ = 0 1/,sin?@ = 0 \ 
6=7/2 sind=1 '/,sin?6 = }/, 
whence 


'/or? 
‘ ete ot 
dz, = 2 ——¢ * dr 
2 ai 


Now integrating with respect to 7 


ee = 
Se @ ridr = 2a 
0 


whence 


T 

2 = iy ana? 
9 
2 


where 2, is the number of collisions one molecule 
makes with other like molecules in unit-time. 

From the above may be obtained the total number 
of collisions, Z, between like molecules per unit- 
volume per unit-time. If each molecule suffers 2, 
collisions per second and there are m molecules per unit- 
volume, then all molecules will suffer z,, collisions. 
This, however, counts each collision twice—once for 
each molecule participating. The number of collisions 
is therefore 


Zu = Vonen = 24/7 an’o? per unit-volume per unit-time 


Since 
2kT 
a ne 
m 
au = 44/7 ano? = a) EE not 
2 m 


Za = a4/t nig? 
m 


In a similar manner, one may calculate the number 
of collisions a molecule of one kind enters into with 
molecules of a second kind. The result is 


Zi = 2 a) 2x87 mm | N20? 
m m2 





where 
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The total, Z.2, of such collisions per unit-volume per 
unit-time is 


Za = may = 2a/orkr (mt™] *MNgo 19" 


mm, 





Collisions with Relative Velocity in the Line of Centers 
Greater Than a Given Minimum.—The simplest collision 
mechanism for bimolecular reactions assumes that 
reaction follows a collision in which the velocity of one 
molecule with respect to the other along the line of 
centers exceeds some critical value. The correspond. 
ing collision-rate is obtained as follows.‘ 

We had for the number of collisions in which the 
relative velocity lies between r and r + dr, and the 
angle between the direction of the relative velocity 
and the line of centers lies between @ and @ + dé 
_ Wer? 


— , — i 
n 2 , 
moe ™ 4% sin 6 cos bdédr 


dz, = : =. 
es 2 a? 

Let R be the component of the relative velocity in 
the line of centers (see Figure 9). 


R=rcos@ 


Our condition is that R shall exceed some minimum 
value, Ro. This obviously requires that 7 shall also 
exceed Ry, and thus gives r = Ry as the lower limit of 
integration with respect to 7. As to 0, we note that 
if R is to exceed Rp it is necessary that 

rceos@> Ro 


or 


R 
cos 6 > — 


This will correspond to the upper limit for 6. The 
lower limit for @ is @ = O(Ry = r), for which cos @ = 1. 
Thus 


2 7= © cos 0=Ro/r a 1/gr2 : 
ZuRy = 4 i e~ “ai r® sin @ cos 6dédr 
2 a yeRocos =1 


With respect to cos @ 


cos 0=Ro/r cos @ = Ro/r 











sin @ cos 6d8 = — JS cos 6d cos 6 
cos @ =1 cos @ = 1 
cos @ = Ro/r 
i me 2 
maere cos #6 = 1 
Ro? 
= — [at a / | 
Ro? 
f= 8 
whence 
r= @ 1/oy2 2 
=2qt mo eat - x) | 
2uRy = 2 ee | se pg (1 72 dr 
= arin s: e ree _ ian 
2uRy = 2 dl <[ Se @ rdr—R? fe @ rar] 
2¢@ r=Ry r= Ry 
i II 





4ToLmaN, “Statistical mechanics,” Chemical Catalog Co. 
New York City, 1927, p. 70. 
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Jntegral I becomes 


— '/2Ro? -; 2 
Qate [a + | 


Integral II becomes 
=a 1/Ro? 


Therefore 

-_ 1/,Ro? 

3 i = [ 2a( 5 ol 1) ae Rea? | 
a 


- ca 1/2Ro* 
= 4 \" no*ae a? 
2 


Zk) = 


Since 
kT 
m 
— RT _ '/smRo? 
ZuRky = 4 V5 oy nore kT 
If, 
E = 1/,MR,*, M = molecular weight 
ERT igre ~ RT 


ZRky = 4 Vaz 


For the total, Z,,, of such collisions per cubic centi- 
meter per second 


=, _ £ 
Zur, = 2 eo ntote RT 


(Here R = 8.316 X 10’ ergs per degree under the 
radical. The value 1.989 will be used in the exponent 
if E is expressed in calories.) 

In a similar way it can be shown that for unlike 
molecules 
SeRTUh, + Ms) , ~ Rr 


= 2 2 
N\N20 12 MM, 


Zi2Ry 


where 


mam 


Viscosity of Gases.—In order to calculate collision 
frequencies, we need a value of o, the molecular diam- 
eter. This is best obtained 
from measurements of the x 
viscosity of the gas, for 
which reason we next treat 
this property. 





\ ie 6 
Viscosity may be defined 
as the resistance of a fluid - 
F plane 
to a shearing force. Sup- 
FicurE 10 


pose a fluid is contained be- 
tween two parallel plates, 
one of which is at rest and the other in uniform 
motion parallel to its plane. The moving plate drags 
With it the adjacent layer of fluid. This layer in turn 
imparts a drag to layers farther removed, and to the 
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plate which is at rest. The result is a uniform gradient 
of velocity over the moving layers from the fixed to 
the moving plate. The force which must be applied 
to the moving plate to maintain its motion may be 
defined in terms of this velocity gradient, du/dx, the 
area, a, of the plate, and a proportionality constant 
characteristic of the fluid and termed its coefficient 


of viscosity, 7. Therefore 
F Ee ™~ e du 
ore a ax 
du 
= {a+ , = 


The coefficient of viscosity, ¢, is thus equal to the force 
per unit area of the moving plate per unit velocity 
gradient. 

In liquids, this force is presumably to be thought of 
as opposed to the so-called van der Waals force of at- 
traction between molecules. In gases, it is a conse- 
quence of molecular bombardment of the moving plate. 
Molecules colliding with the plate acquire an additional 
component of momentum in the direction of motion. 
Subsequent collisions with other molecules result in 
a transport of this momentum to portions of the gas 
at a distance from the plate. 

Viscosity is one of three so-called transport phe- 
nomena, the other two being thermal conductivity, 
which is transport of energy, and diffusion, which is 
transport of mass. A general treatment of all three 
can be given. We will make our application specifically 
to viscosity.® 

Let a gas be contained between the two parallel 
plates one of which is at rest and the other in uniform 
motion parallel to its plane. Consider the rate at 
which molecules cross an imaginary plane in the gas 
parallel to the plates. This will be the same as the 
rate at which molecules would collide with a wall at 
this point. For the moment we restrict the problem 
to molecules of velocities between c and c + dc and 
directions defined by the angles @ to 6 + dé and 
¢ to d + dd. 

In the section on gas pressure (Boyle’s Law) we 
obtained for the rate at which such molecules struck 
unit surface in unit-time the quantity (page 366) 


c cos @ sin 6 déd@ 





aN. V 4n 
or if 
dnc 
a = dn., 





one't sin 6 cos @ déd@ 


Integrating with respect to ¢ 


ierar = 2x 


o=0 


we obtain for the number of molecules of velocities 





5 ToLMAN, “Statistical mechanics,’ Chemical Catalog Co., 
New York City, 1927, pp. 222-4. 
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between c and c + dc which will cross unit area of the 
plane from one side in unit-time, at an angle to the 
normal of the plane between 6 and 6 + dé, the quan- 
tity 

1/,dn.-c¢ sin 6 cos 6 dé 


(See Figure 10.) Let \, be the mean free path for 
molecules of velocity c. This is the average distance 
a molecule of velocity c passes over between collisions 
with other molecules. Thus a molecule which has 
traversed a distance \, before arriving at the plane 
will on the average collide with a molecule on arriving 
at the plane. Its last collision will have been at a 


distance 
A, cos 8 


measured perpendicular to the plane. 

Let the fixed plate be beneath the plane, and the 
moving plate be above the plane. In virtue of the 
motion, there is a uniform gradient of velocity, du/dx, 
along the normal, x, to the plane. If mup is the aver- 
age value of the added momentum in the plane due to 
the ‘‘mass motion,’’ then at a distance, A, cos 0, above 
the plane the average value will be 
du 


MUy + mdr, Cos 6—: 
dx 


and below the plane 


MUy — MX-_ COS 9 
We now assume that molecules coming from positions 
defined by \, cos @ have on the average the correspond- 
ing momentum and, on colliding with a molecule at the 
plane, acquire the momentum characteristic of the 
plane. The net transfer of momentum to molecules 
in the plane is then the difference 


(muo + md, cos 6 =) -- (mo — md, cos 6 a) = 
dx dx 


2mdr,. cos 8 du 
dx 


For molecules of velocities c to c + dc and directions 
@ to 6 + dé, this becomes per unit area per unit-time 


2m. cos 0 -1/,dn.-¢ sin 6 cos 6 dé, 


ot-e-dae ‘sin 6 cos? 6d0 
dx 
Integrating with respect to @ 


O=x/2 
{ J sin @ cos* 6d0 = 1/; 


9=0 
we obtain 
1/ymd.cdn- a 


The next step is to integrate with respect to c from 
Oto . This requires that \, be expressed as a func- 
tion of c, which is a matter of some difficulty. The 
value of }, the mean free path for al] molecules, is 
obtained very simply by dividing the average velocity, 
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that is, the distance the average molecule travels per 
unit-time, by the total number of collisions which the 
average molecule suffers per second. The latter jg 


given by 
4 \E ano? 


= Va 7 Ca 
= V2xno%, 
ee Co Ca ” 1 
au V 2xn0%Ca oe V/ 2xno? 


If we assume i, independent of ¢ and substitute ), 
we obtain for the net rate of transfer of momentum 
across unit area per second 





C= ao 
ou JS cin, = tama * Na 


~ c=0 


1/3md 


This is also the rate of transfer of momentum from 
the moving plate to the gas, and is therefore the re- 
tarding force exerted on unit area of the plate. (Mo- 
mentum has the dimensions ML/T. Rate of transfer 
of momentum has the dimensions ML/T? which are 
likewise the dimensions of force.) 

For unit velocity gradient (du/dx = 1), this force 
is the coefficient of viscosity, 7. Thus 


n = 1/sm)nCa 


MNCa 
3-/ 2ano? 


This is the result when X is taken independent of the 
velocity. Taking account of the distribution of \ 
with the velocity introduces about a five per cent. 
correction. A further correction is necessitated by 
consideration of the so-called persistence of velocities.’ 
We have assumed that ‘‘molecules coming from posi- 
tions defined by \, cos @ have on the average the corre- 
sponding momentum and, on colliding with a molecule 
in the plane, acquire the momentum characteristic of 
the plane.’’ This is equivalent to assuming that a 
single collision is sufficient to effect complete adjust- 
ment in the value of the momentum. This is incor- 
rect, and consideration of the problem further alters 
the coefficient in the expression for 7. The finally 
accepted equation is 


= 0.409 == 
. i V/ 2ro2 


These two corrections have thus increased 7 by fifty 
per cent. 

It will be noted that the above expression does not 
contain the concentration. Thus, 7 should be inde- 
pendent of concentration (or pressure), and this is 
found to be the case. Temperature should enter in 
only through c,, the average velocity. Since 


6 JEANS, ‘“‘Dynamical theory of gases,” 4th ed., Cambridge 
University Press, Cambridge, England, 1925, pp. 274-6. 








ute }, 
-ntum 


from 
le re- 
(Mo- 
insfer 
1 are 


force 


‘Or 










ers 
ily 


ge 





AucusT, 1939 


mm 


a 


ywould be expected to vary directly as VT. Actually 
yis found to increase somewhat more rapidly with the 
temperature. The discrepancy is a consequence of 
the assumption that molecules are solid elastic spheres 
of fixed diameter. This can only be approximately 
tue. A better assumption is that the molecule is sur- 
rounded by a field of force which is attractive at long 
distances and repulsive at short distances. The amount 
of interaction between two approaching molecules 
depends on the parts of the fields interpenetrating, 
and also on the time of interaction. The latter varies 
inversely as the relative velocity. At low velocities 
of approach the interaction is large; distant parts of 
the field exert an appreciable effect, and the molecules 
behave as if the diameter were large. At high veloci- 
ties only the intense field close in plays any consider- 
able part, and the effective diameter is small. High 
average velocities are associated with high tempera- 
tures; hence the average effective diameters will de- 
crease with rising temperatures. Since the diameter, 
s, appears in the denominator of the expression for 7, 
this decrease of effective diameter with rising tempera- 
ture will lead to the higher temperature coefficient 
which is observed. 

The variation of diameter with temperature may be 
expressed by Sutherland’s equation,’ 


vat(1 +5) 


where C is known as Sutherland’s constant, and oc, 


= 


‘Jeans, ““Dynamical theory of gases,” 4th ed., Cambridge 
University Press, Cambridge, England, 1925, p. 284. 
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is a limiting diameter corresponding to T,. It is 
this limiting diameter which we shall want to use in 
calculations of collision frequency, since it corre- 
sponds to the closest possible approach of two molecules. 
Values of 7 at some temperature, and values of C may 
be found in any collection of physico-chemical data® 
(e. g., in Landolt-Bérnstein’s Tabellen). ? is calcu- 
lated from the relation 
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8 LANDOLT-BORNSTEIN, ‘‘Physikalisch-Chemische Tabellen,’ 
5th ed., Verlag Julius Springer, Berlin, 1923, Vol. I, pp. 171-81. 





SOME ORGANIC INDICATORS 
USEFUL i ANALYTICAL OXIDA- 
TION-REDUCTION REACTIONS 


ALLEN G. GRAY 


University of Wisconsin, Madison, Wisconsin 


N A consideration of the oxidizing agents most 
valuable in quantitative analysis, there is little 
hesitancy in deciding that potassium permanganate 

and potassium dichromate are the most valuable in use. 
Ceric sulfate is now being used to a large extent but as 
yet has not supplanted permanganate and dichromate 
solutions. 

Potassium permanganate, by virtue of its high oxida- 
tion potential and its readily visible purple color, is a 
very desirable oxidizing agent. The permanganate 
color is so sensitive that it is reported that 0.05 cc. of a 





0.03 molar solution is plainly visible in a volume of 600 
cc. Perhaps it is this latter factor that has enabled 
permanganate to hold its place as an oxidant because 
therein lie the chief disadvantages of other oxidants, 
regardless of which would prove superior to permanga- 
nate. Potassium dichromate is an excellent oxidizing 
agent, but in practice it requires the use of some type of 
an indicator. In iron determinations potassium ferri- 
cyanide has been used as an outside indicator, when the 
method of the spot plate is used. This titration is 
necessarily slow, and hazardous because of the danger of 
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the oxidation of the ferrous iron by the oxygen of the 
air. The slowness and uncertainty of the method has, 
for a long time, greatly discouraged the useof dichromate 
as an oxidant in iron determinations. Ceric sulfate 
also presents wonderful possibilities as a strong oxidiz- 
ing agent, the difficulties encountered being that some 
sort of indicator must be used. Only since organic 
indicators have been developed has ceric sulfate been 
used to any extent in oxidation-reduction titrations. 

Although permanganate is widely used as an oxidizing 
agent in analytical work, it possesses many disad- 
vantages in actual practice. It is in no wise a primary 
standard. Crystals of the dried salt contain traces of 
manganese dioxide. The dioxide can and does act as a 
catalyst for the reduction of the permanganate, causing 
a continuous as well as an increasing lowering of the 
permanganate concentration of the solution. Care 
must be exercised in making up a solution of permanga- 
nate that is to be standardized, and even after its con- 
centration has been determined the standardization 
must be repeated at frequent intervals. Permanganate 
cannot be used in the presence of hydrochloric acid 
without resorting to certain special procedures. In the 
presence of a large amount of free acid permanganate is 
slowly decomposed, and thus cannot successfully be 
used in back titration procedures if a large amount of 
free acid is present. Traces of organic matter may 
easily reduce permanganate. Even small amounts of 
ammonia in distilled water may result in some of the 
permanganate being reduced to the dioxide, which, as 
has been noted, may serve to catalyze further reduction. 

Potassium dichromate can be thoroughly purified by 
crystallization and thus serves as a first order primary 
standard oxidant. After it has once been purified and 
dried the salt may be preserved indefinitely. Di- 
chromate solutions will serve in the presence of hydro- 
chloric acid, and may be used successfully where back 
titration procedures are more desirable than direct 
titrations. Finally, the dichromate solution is stable, 
and is only very slowly attacked by the organic matter 
occurring in the water or which may be introduced 
from other unavoidable sources. ° 

Ceric sulfate is usually used in the form of the double 
salt, ceric ammonium sulfate. Ceric sulfate solutions 
are not subject to decomposition on long standing, and 
are resistant to decomposition, even on boiling. It may 
be used in acid medium. Ceric sulfate presents great 
possibilities as a strong oxidant, in acid solution, either 
hot or cold, and these possibilities are beginning to 
manifest themselves with the advent of suitable organic 
indicators. 

Early workers in the field of oxidation-reduction 
indicators soon came to recognize that if good internal 
indicators could be found for the lesser used and much 
more advantageous oxidants, they would become very 
valuable in oxidation-reduction determinations. 

An oxidation-reduction indicator is a substance pos- 
sessing a different color when present in the oxidized 
form than when present in the reduced form. The 
oxidation and reduction as well as the color change 
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should take place between two fairly definite oxidation 
potentials. The correct oxidation-reduction indicator 
may be chosen when the oxidation potential at the 
equivalence point in the titration and the transition 
color change interval of the indicator are known, 
Potentiometric methods are useful in choosing the cor. 
rect indicator, as well as studying the relative sens. 
tivity of various indicators. 

Knop (1) in 1923 suggested the use of diphenylamine 
as an internal oxidation-reduction indicator. 

oxidant 
Diphenylamine——~> diphenylbenzidine 


(irreversible) t| oxidant 


diphenylbenzidine violet 

Diphenylbenzidine is very insoluble. This is obyj- 
ously a disadvantage because the indicator may pre. 
cipitate at this point and react, only slowly during 
subsequent addition of oxidant. The indicator cannot 
be used in the presence of mercury salts or in the pres- 
ence of tungstates. 

Diphenylamine is useful in the titration of strong 
oxidizing agents with ferrous sulfate. The color change 
is from violet-blue to colorless. The indicator is also 
useful in permanganate titrations in the determination 
of traces of ferrous iron, since in dilute solutions the 
color of permanganate is less sensitive than that of the 
indicator. 

Diphenylamine sulfonic acid was first prepared 
and used by Sarver and Kolthoff (2). The indicator 
has properties somewhat similar to those of diphenyl- 
amine. The introduction of the strongly polar HSO, 
group in the molecule greatly increases its solubility 
over that of diphenylamine. The indicator is used as 
the barium salt, which is sufficiently soluble that it may 
be used in water solution. The color change is very 
sharp. In oxidized form it gives a reddish purple color, 
resembling that of permanganate, instead of the charac- 
teristic diphenylbenzidine violet produced with di- 
phenylamine. It can be used in the presence of mer- 
cury salts and tungstates. The color change takes 
place at an oxidation potential of +0.83 volt (reference 
to normal hydrogen electrode), and is readily reversible. 

Diphenylamine sulfonic acid gives very good results 
in the titration of ferrous iron by dichromate. The 
coloration produced in the solution is so intense that 
titrations can sometimes be made in colored solutions. 
Also, the indicator is very useful in direct titrations of 
oxidizing agents, such as dichromate, permanganate, 
and ceric sulfate, with ferrous sulfate. The indicator is 
particularly useful in quantitative work with alloy 
steels, in its application to the determination of chro- 
mium and vanadium occurring with tungsten, the possi- 
bilities of which have been studied by Willard and 
Young (3). The writer has found the indicator par- 
ticularly useful in titrations involving the quantitative 
determination of tungstates using metal reducers. 

The properties of ortho-phenanthroline ferrous com- 
plex as an oxidation-reduction indicator have been 
studied by Walden, Hammett, and Chapman (4), and 
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> Sensi- 
The color change is readily and easily reversible as 
lamine § well as vivid and unmistakable, and takes place at a 
very high potential, namely, +1.2 volts. The color 
change is so sensitive that it may well be used in per- 
manganate titrations for the detection of the endpoint, 
rather than depending on the color of the permanganate 
to indicate the termination of the titration. Experi- 
let ence has shown the deviation to be much less when the 
obvi- § indicator is used. 
y pre. § o-Phenanthroline ferrous complex can very success- 
luring fully be used as an internal indicator in the titration of 
annot @ ferrous compounds with either dichromate or ceric 
pres. ff sulfate, or the reverse titration may be used equally as 
well. The indicator finds a very useful application in 
trong § thestandardization of ceric sulfate in which the primary 
1ange standards potassium dichromate and sodium oxalate, 
also Mareused. Ferrous sulfate solution may be standardized 
ation § with dichromate using o-phenanthroline complex. The 
s the § standard ferrous sulfate solution is employed to 
f the § standardize the ceric sulfate making use of the same 
indicator. The method gives reproducible results. 
ared The indicator properties of diphenylbenzidine sulfonic 
cator acid strongly resemble those of diphenylamine sulfonic 
enyl- acid, as has been shown by Sarver and Fischer (5). 
ISO; Its use in slightly acidic solutions gives a reversible 





violet coloration on oxidation. The indicator action is 
not hampered in the least by the presence of tungstates, 
and is catalyzed by the presence of traces of ferrous 
ion. The indicator is very useful in work with di- 
chromate in which case it is best to add an excess of 
dichromate and back titrate with ferrous sulfate. 
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di- Nitrophenanthroline ferrous complex has been stud- 
ner- §f ied (6) and findings report a slightly higher oxidation 
ikes ff potential than that exhibited by the more familiar o- 
nce ff phenanthroline ferrous complex. The indicator pos- 
ble. § sesses the advantage that it is stable in acid solutions. 
ults § The color change is sharp, going from red to blue. 

The Likewise the substituted diphenylamines (6) show 
hat f oxidation potentials higher than the original diphenyl- 
ms. § amine. Para-nitrodiphenylamine has a potential high 
;of # elough that it may be used in the oxidimetric titration 
te, §f of ferrous iron, where diphenylamine can be used only 
ris jj when the ferrous potential has been reduced by convert- 
loy §f ing it into a complex. The oxidized form of the indi- 
r0- 
si- 
nd 
r- ff (l) Kop, J. Am. Chem. Soc., 46, 263 (1924). 
ve (2) SARVER AND Ko.tuorr, ibid., 53, 2906 (1931). 

(3) oN AND Youn, Ind. Eng. Chem., Anal. Ed., 5, 154 
n- (4) © peel HAMMETT, AND CHAPMAN, J. Am. Chem. Soc., 55, 





2649 (1933). 
ane AND Fiscuer, Ind. Eng. Chem., Anal. Ed., 7, 271 
1935). 








LITERATURE CITED 


375 





cator gives a very sharp violet coloration. Because of 
the irreversible oxidation of the indicator the reverse 
titration of ceric ion with ferrous ion is unsatisfactory. 

Naphthidine, para-tolylphenylamine and meta-tolyl- 
phenylamine are particularly useful in dichromate titra- 
tions (7). Both the ortho- and para-tolylphenylamines 
have been used in the determination of iron and 
chromium using dichromate. The characteristic color 
change is to a deep blue, but the indicator action is 
rendered worthless in the presence of mercury salts. 
Naphthidine (7) is used in concentrated sulfuric acid 
solution, and is best prepared by the method of Cum- 
mings and Steel (8). The oxidized indicator gives a 
deep red color, as against the green color of the chromic 
solution, a decided contrast and a very sharp and easily 
visible endpoint when used in dichromate determina- 
tions. It works well in the presence of mercury salts, a 
fact of recognized importance in the ferrous-ferric 
system, if stannous solution is to be used as the reducing 
agent. 

The properties of phenanthranilic acid (o-diphenyl- 
amine carboxylic acid) as studied by Suirokomskii and 
Stepin (9) present an indicator particularly useful in 
oxidation-reduction determinations when ceric sulfate 
is the oxidant. The oxidation potential is only 
slightly lower than that of o-phenanthroline complex, 
and it exhibits an extremely delicate color change, 
from colorless in the non-oxidized form to pink in the 
oxidized form. In solutions of excess oxidant the indi- 
cator possesses much greater stability than the di- 
phenylamine derivatives. Phenanthranilic acid may 
be used successfully in all standard oxidation-reduction 
volumetric procedures using the oxidants dichromate, 
ceric sulfate, and permanganate. It may be used in 
the ferric-ferrous system without lowering the potential 
of the system by the usual formation of a complex. 
For use with dichromate in the determination of 
vanadium and in solutions other than those containing 
ferrous ion, best results are realized in a rather strongly 
acid solution. The indicator can be particularly rec- 
ommended for all titrations with ceric sulfate, and in 
the standardization of ceric sulfate against sodium oxa- 
late, for in actual use with this strong oxidant the color 
changes are extremely sharp and indicator errors are nil. 

The possibilities and limitations of some oxidation- 
reduction indicators have been reviewed. With in- 
creasing and widening interest in the application of 
these indicators to analytical determinations, many 
very desirable oxidants that are not able to furnish 
their own endpoints in titrations, may become ex- 
tremely useful and almost indispensable in this work. 
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A SYSTEMATIC ANALYSIS 
of the COMMON ANIONS 


TING-PING CHAO 


National Central University, Nanking, China 


Based upon the solubilities of their calcium, barium, 
nickel, and silver salts, twenty-six common anions are 
divided into five groups. Detailed procedures for the 
systematic separation and identification of the anions are 
suggested. Such procedures have been adopted by the 
sophomore class of the National Central University, 
Nanking, China, and have proved to be satisfactory. 
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LTHOUGH the progress of micro-analysis has 
A been so marked that the trend in modern analyti- 
cal chemistry is toward the use of “‘spot tests’’ 
or ‘‘drop reactions’’ with separate portions of the sam- 
ple, yet a systematic method of group precipitation is 
still useful, especially in cases where the quantity of 
sample available for analysis is small and the composi- 
tion of the sample is entirely unknown. As the detec- 
tion of anions is as important as that of cations, the 
group system in qualitative analysis should not be 
confined to cations. While a number of attempts 
have been made to systematize the analysis of anions 
(23, 25, 29, 30, 31, 32), the first successful one was that 
of Duschak and Sneed (12). However, in view of the 
fact that the common anions such as silicate, acetate, 
arsenate, arsenite, oxalate, and tartrate are not in- 
cluded in their system, their method leaves considerable 
room for improvement (Note 1). In order to improve 
the method as far as possible, the present investigation 
was undertaken. 

Before the detailed procedures for the systematic 
analysis of anions were attempted, the solubilities of 
the calcium, barium, nickel, and silver salts of every 
anion were carefully tested (2). Based upon the 
solubility tests, twenty-six common anions are divided 
into five groups. 

Group I contains those anions whose calcium salts 
hardly dissolve in slightly alkaline solutions, namely, 
carbonate, f sulfite, oxalate, fluoride, silicate, phosphate, 
arsenate, { and tartrate. 

Group II contains those anions whose calcium salts 


* Presented before the Third Annual Meeting of the Chinese 
a Society at Nanking, Kwangsi, China, August 12-15, 
1935. 

t If Na,CO; has been used in preparing the solution, the 
detection of carbonate should be made on a portion of the original 
sample. 

t Those anions marked by f are precipitated only in concen- 
trated solutions. 

§ Those anions marked by § may be detected a second time in 
the system, for they are not completely precipitated in the pre- 
ceding groups. 


are easily soluble but whose barium salts hardly dis 
solve in slightly alkaline solutions, namely, sulfite! 
sulfate, and chromate. 

Group III contains those anions whose calcium an( 
barium salts are easily soluble but whose nickel salts 
hardly dissolve in slightly alkaline solutions, namely, 
sulfide, cyanide, ferrocyanide, ferricyanide, and a. 
senite. { 

Group IV contains those anions whose calcium, 
barium, and nickel salts are easily soluble but whos 
silver salts hardly dissolve in slightly alkaline solu. 
tions, namely, thiosulfate, thiocyanate, iodide, bro. 
mide, chloride, borate,{ silicate,§ arsenate,§ and 
arsenite. § 

Group V contains those anions whose calcium, 
barium, nickel, and silver salts are all soluble. This 
group may further be divided into two subdivisions. 
Subdivision A contains those anions which are detected 
from the filtrate of Group IV, namely, chlorate, hypo- 
chlorite, nitrite, borate,§ and acetate. Subdivision 3 
contains those anions which are detected from some of 
the original sample, namely, nitrate, carbonate,{ and 
tartrate. § 


EXPERIMENTAL 
I. Procedure for the Analysis of Group I 


To the slightly alkaline solution of the unknown substance or 
the prepared solution made in the usual manner, add a slight 
excess of 2N Ca(NOs)2 solution until the precipitation is complete, 
Stir the mixture vigorously and let it stand for ten minutes, then 
filter (Note 2). Reserve the filtrate for Group II-V, and treat 
the precipitate as follows. 

Dry the calcium precipitate thoroughly, then treat it with 
HOAc and heat the mixture to boiling. The precipitate is there: 
by divided into three phases, analyse each phase respectively 
follows. P 

Gaseous Phase: Pass the liberated gas first through bromine 
water, and then through lime water. (A white precipitate forms 
in the lime water which may redissolve again and indicates th 
presence of carbonate.) (Note3.) Acidify the bromine water with 
HCl and then add BaC}k, solution, shake, and allow it to stand. 
Sarr menace of a white precipitate indicates the presence 
sulfite. 

Solid phase: Wash the undissolved residue thoroughly with 
hot water (Note 4), then divide it into two portions. 

(I) First portion: Ignite strongly in a nickel crucible (Note 
5), then fuse it with NaOH, and digest the fused mass with water. 
Acidify the water extract with dilute HNOs, then add a few drops 
of (NH,)2MoO, solution, and warm (if necessary). (If the solt- 
tion turns yellow, the presence of silicate is indicated.) Cool, 

a few drops of benzidine acetate and an excess of solid NaOAc. 
(Deep blue coloration indicates the presence of silicate.) 

(II) Second portion: Dry it thoroughly, then pour 5 cc. d 
N H.SO, onto it. E 

(ILA) Filtrate: Catch it in a small beaker, and heat it a 
most to the boiling point; then add a little MnSO, solution, and 
a few drops of 0.1N KMnQ, solution. (Decolorization of tht 
KMn solution indicates the presence of oxalate.) 
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(IIB) Residue: Wash the residue from the H,SO, treatment 
thoroughly, then dissolve it in concentrated HCl. Add to it a 
few drops of KMnQ,, then a slight excess of NaHSO; solution. 
To the resulting solution add zirconium purpurin reagent (Note 
§), (The pink color of the reagent turning yellow, indicates the 

esence of fluoride.) 

(IIC) Liquid phase: To the resulting solution obtained in the 
HOAc treatment, add a slight excess of H,C,0, solution, filter, 
and reject the residue, Divide the filtrate into two unequal por- 


mCa) Smaller portion: Make alkaline with NaOH and add 
hee, in excess, Then add three per cent, H,O, and evaporate the 
mixture until it is almost dry (Note 7), Take up with some water, 
add two or three drops of N Co(NO;)2 solution, and heat to boil- 
ing. (A deep blue coloration indicates the presence of tartrate.) 

(II1Cb) Larger portion: Add 6N NH,OH slowly until slightly 
alkaline. Let the mixture stand for a few minutes with frequent 
shaking, and carefully observe the nature of the precipitate being 
formed (Note 8). Filter and wash the precipitate thoroughly. 
Test the precipitate for silicate by the same procedure as described 
in I (Note 9). To the filtrate add a slight excess of Mg(NOs), 
reagent. Stir the mixture vigorously, and let it stand for ten 
minutes, then filter. 

(IICht) Precipitate: Redissolve in HNO, and divide the re- 
sulting solution into two portions. 

(11Cb11) First portion: Make it alkaline again with a slight 
excess of NH,OH, then add Mg(NO;), reagent, stir vigorously, 
and filter (Note 10). Reject the filtrate. Pour a little AgNO; 
solution of the precipitate. (Residue turning dark red, presence 
of arsenate.) Wash the residue thoroughly, dissolve it in HCI, 
then add CCl, and KI. (Violet color in the CCl, layer is a 
confirmation of the presence of arsenate.) 

IICb1it) Second portion: (a) If arsenate is absent. Add 
(NH,),»MoO, solution, warm, and let stand for a few minutes. 
(A yellow precipitate indicates the presence of phosphate.) ({) 
Ifarsenate is present. Evaporate the second portion of the solu- 
tion until it is almost dry, take up with HCI, and saturate it with 
HS. Heat it to boiling and pass in HS again. Filter off the 
precipitate, and repeat the treatment with H.S until no 
more precipitate forms. ‘Then filter and evaporate the filtrate 
just to dryness, Take up with dilute HNO, and test this solu- 
tion for phosphate as in (a). 

(IICb2) Filtrate: Acidify with HCl, and pass in H,S. A 
yellow precipitate may be As,S;. Filter and redissolve the pre- 
cipitate in NH,OH, then acidify the resulting solution again with 
HCl, (Yellow precipitate, presence of arsenite.) 


II, Procedures for the Analysis of Group II 


Before the systematic analysis of Group II, a preliminary test 
for the presence of thiosulfate (Note 11) is made as follows. 
Take a portion of the original or prepared solution, add Ca(NOs)2, 
Ba(NO;)2, and Ni(NOs)z solutions; let the mixture stand for 
ten minutes with frequent shaking, then filter, and eject the 
precipitate. To the filtrate add AgNO, solution, a light-colored 
precipitate gradually turning yellow, brown, and finally black 
shows the presence of thiosulfate. (The preliminary test for 
thiosulfate may be omitted if sulfite has been found in Group 

As to the procedure for the analysis of Group II, two cases may 
arise, (2) Thiosulfate is absent, or sulfite has already been found 
inGroup I. (b) Thiosulfite is present and sulfite has not been 
found in Group I. 

) Case A: To the filtrate from Group I add a slight excess 
of 2V Ba(NO;)2 solution, and let it stand for ten minutes with 
frequent shaking. Add some paper pulp, shake, then filter 
through a double filter. Reserve the filtrate for Group III-V, 
and treat the precipitate as follows. Boil the barium precipitate 
with HCl. Three phases are thereby obtained. 

(I) Gaseous phase. Pass the liberated gas into some bromine 
water (Note 12), acidify the latter with HCl, and then add BaCl, 
solution. (A white precipitate indicates the presence of sulfite.) 
Att)) Solid phase. Wash the undissolved residue thoroughly 
with hot water until free from chloride. Transfer the residue 
to a test-tube, add Hg(NO;). reagent, and warm gently (Note 
13), (Residue turning yellow color, presence of sulfate.) 

(III) Liquid phase. If the resulting solution obtained in the 
Cl treatment is yellow, chromate may be present. Evaporate 
this filtrate to about 2 cc., make it alkaline with NaOH, then 
aidify with H,SO,. Cool, then add 2 cc. of ethyl ether and 5 cc. 

three per cent. H,O,. (Blue coloration in the ether layer, 
presence of chromate.) 
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(B) Case B: Divide the filtrate from Group I into two un- 
equal portions, Treat the larger portion as described in (A), and 
the smaller portion as follows. 

Acidify with HOAc and then make it alkaline with NH,OH. 
Next add a slight excess of N Sr(NOs3), solution, boil, let stand 
about ten minutes, then filter, 

(I) Precipitate: Wash it thoroughly, then dissolve it in HCI. 
To the solution add BaCl, solution and filter off any precipitate. 
To the clear filtrate add bromine water and boil off the excess 
of bromine. (A white precipitate, presence of sulfite.) 

(II) Filtrate: May contain SrS,O; and the strontium salts of 
other anions. Add to it a littlke 2N Ba(NO,), solution, shake, 
and filter off any precipitate. Combine this filtrate with that 
obtained from the larger portion, and reserve the combined 

. filtrates for Group III-V. 


III, Procedure for the Analysis of Group IIT 


To the filtrate from Group IT, adda slight excess of 2N Ni(NOs)2 
solution, and let it stand for ten minutes with frequent shaking. 
Add some paper pulp, shake, then filter through a double filter. 
Reserve the filtrate for groups IV-V, and treat the precipitate as 
follows. Pour NH,OH over the nickel precipitate in a casserole, 
stir vigorously, and then filter, 

_(A) Precipitate: Treat with 5 cc. of dilute HCI and a little 


zinc. 

(I) Liberated gas: Test it immediately with a piece of filter 
paper soaked with Pb(OAc), solution. (If Pb(OAc), paper turns 
black, the presence of sulfide is indicated.) 

(II) The mixture: Filter off any residue and the excess of the 
unused zinc. Pass H,§S into the filtrate. If no precipitate forms, 
warm the solution and pass H,S into it again. (A yellow pre- 
cipitate, indication of arsenite.) Filter, redissolve the precipitate 
in NH,OH, and then acidify the resulting solution with HCl. 
(Yellow precipitate, presence of arsenite.) 

(B) Filtrate: Add a slight excess of AgNO; and Na,SO, 
solution, then filter. 

(I) Precipitate: Pour onto it a mixture of HCl and Fe(NO;); 
solution. (Residue turning blue, presence of ferro- or ferricya- 
nide.) Incase ferro- or ferricyanide is present, take some of the 
prepared solution, acidify it with dilute HNO; and add Fe(NOs); 
solution. (Dark blue precipitate, presence of ferrocyanide.) Filter 
the mixture, repeatedly if necessary; and add to the filtrate a 
freshly prepared FeSO, solution. (Dark blue precipitate, presence 
of ferricyanide.) 

(II) Filtrate: Acidify it with HNO, filter, and eject the 
filtrate. Pour (HN,)2S repeatedly on the precipitate, and evapo- 
rate the resulting solution just to dryness. To the residue add 
2 cc. of dilute HCI, and then 2 cc. of Fe(NO;); solution. (Red 
coloration, presence of cyanide.) 


IV. Procedure for the Analysis of Group IV 


To the filtrate from Group III, add a slight excess of AgNO; 
solution. A light-colored precipitate gradually turning yellow, 
then brown, and finally black, presence of thiosulfate (Note 14). 
Shake the mixture vigorously, then filter. Reserve the filtrate 
for the sub-division A of Group V (Note 15), and treat the pre- 
cipitate as follows. 

Treat the silver precipitate with HNO;, shake vigorously, then 
filter. 

(A) Precipitate: Divide it into two unequal portions. 

(1) Smaller portion: Treat it with a five per cent. solution of 
NaCl, boil, then filter, and eject the residue (6, 16). Acidify 
the filtrate with HNO;, add CCl, and Fe (NO;);3 solution, and 
shake. (Red coloration in the aqueous layer, presence of thiocya- 
nate.) If the color of the aqueous layer is brown rather than red, 
and that of the CCl, layer is violet, separate the CCl, and extract 
the aqueous solution successively with fresh portions of CCk. 
Add more Fe(NO;)3 and note whether the aqueous layer is de- 
colorized. (If the aqueous layer is still colored red, presence of 
thiocyanate.) 

(II) Larger portion: Treat it with dilute H,SO, and a little 
zinc, warm, and let it stand for ten minutes with frequent shaking. 
Then filter and reject the residue. Make the filtrate alkaline 
with NH,OH, and then acidify again with HOAc. Add CCl 
and powdered K,S,O;, and shake vigorously. 

(IIA) CCl, layer: (Violet coloration, presence of iodide.) (Note 
16.) 

(IIB) Aqueous layer: Add fresh portion of CCl, shake, and 
separate again. Repeat the extraction with CCl, until the color 
of the CCI, layer is no longer violet or slightly pink. Then to the 
aqueous layer add CCl, and concentrated HNO;; shake the mix- 
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ture vigorously, and at the same time hold a fluorescein paper 
over it. 

(I1Ba) CCl layer: (Orange or yellow coloration, presence of 
bromide; fluorescein paper turning pink, further confirmation of 
bromide.) (Note 17.) If the result is inconclusive, warm the 
mixture gently and notice the color change again. 

(IIBb) Aqueous layer: Dilute it with water and boil it until 
bromine is completely expelled. Then add AgNO, solution. 
(White curdy precipitate, indication of chloride.) Boil the mix- 
ture and stir it vigorously, then filter. Redissolve the precipitate 
in NH,OH, and then acidify it with HNO;. (White curdy pre- 
cipitate, presence of chloride.) 

(B) Filtrate: May contain borate, silicate, arsenate, or arsen- 
ite. The detection of these anions at this place is usually un- 
necessary. (Notes 18 and 19.) 


V. Procedure for the Analysis of Sub-division A of Group V 


Divide the filtrate from group IV into two unequal portions. 

(A) Smaller portion: Make a preliminary test for chlorate 
and hypochlorite by adding a few drops more of AgNO; and then 
(chloride-free) NaNO, solution. (White precipitate, presence of 
chlorate or hypochlorite.) 

(B) Larger portion: Add slight excess of Na,CO; solution and 
filter off the precipitate. Divide the filtrate into five portions 
if the preliminary test for chlorate or hypochlorite is positive, or 
divide into three portions if the preliminary test is negative. 

(I) First portion: Add HOAc slowly until the solution is acid, 
and boil to expel CO.. Then add Pb(OAc), solution, boil, and 
let it stand for five minutes. (Brown precipitate, presence of hypo- 
chlorite.) 

(II) Second portion: Dilute with water, add HNO;, NaAsOz, 
then AgNO; solution, and filter off the precipitate. To the 
filtrate add a few drops more of AgNOs, and then (chloride free) 
NaNO; solution. (White precipitate, presence of chlorate.) 

(III) Third portion: Acidifyit with HOAc, add sulfanilic acid 
solution, and then a-naphthylamine solution. (Red coloration, 
presence of nitrite.) (Note 20.) 

(IV) Fourth portion: Evaporate it just to dryness, add a 
little concentrated HCl and evaporate to dryness again (Note 21). 
Take up with 3 cc. of NazCO; solution, heat, and filter if necessary. 
To the filtrate add 8 cc. of concentrated HCl and then 8 cc. of 
ethyl alcohol. If any salt separates, allow it to settle, and decant 
the supernatant solution into a test-tube. Add two drops of 
an alcoholic solution of tumeric, and let it stand for ten minutes. 
(Orange or red coloration, presence of borate.) (28.) 

(5) Fifth portion: Acidify it with dilute H,SO, and evaporate 
until it is almost dry. Washit intoa test-tube with a little water, 
add C,H;OH and concentrated H,.SOQ,. Warm if necessary (do 
not boil.) (Fruity odor of ethyl acetate, presence of acetate.) 
(Note 22.) 


VI. Procedure for the Analysis of Sub-division B of Group V 


(I) After the interfering substances have been removed (Note 
23), evaporate the solution to be tested to a small volume, cool, 
then add 5cc. of concentrated H,SO,, and let it cool again. Hold 
the test-tube containing the mixture in a slanting position and 
pour down the side 5 cc. of a freshly prepared FeSO, solution. 
(Formation of a brown ring at the junction, presence of nitrate.) 

(II) Treat some of the original solution or the original solid with 
dilute HCI, and pass the liberated gas into lime water. (Note 3.) 
(A white precipitate or turbidity, presence of carbonate; if the 
precipitate or turbidity redissolves again, confirmation of car- 
bonate.) 

(III) After any interfering substances have been removed (Note 
24), add two or three drops of N Co(NO;); solution to the solution 
to be tested and enough NaOH to render the solution alkaline, 
then add 5 cc. more of NaOH. Heat the solution to boiling, and 
filter if the solution is cloudy. (Deep blue coloration, presence of 
tartrate.) 


NOTES 


1. Although the presence of silicate, arsenate, 
arsenite, oxalate, or tartrate is usually already known 
or detected during the preparation of solution for the 
systematic analysis of cations, or in the precipitation 
of Cu and Sn groups, or before the analysis of Al and 
Fe groups, yet these anions interfere with the identifi- 
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cation of other anions if they are not separated at their 
proper places in the system. The purpose of the pres. 
ent investigation is to make up this deficiency. Whey 
the present investigation was nearly finished, another 
similar scheme suggested by Dobbins and Ljung was 


published (11). But according to the author’s experi. 


ence, many points in Dobbin’s and Ljung’s paper are 
open to question. 

2. Due to their tendency to form super-saturated 
solutions, the precipitation of CaCyH4O¢ and Cas(As0,), 
is exceedingly slow. But it may be hastened by vig. 
orously stirring the mixture. 

3. If the solution has been treated with Na,C0, 
at the outset, the detection of carbonate should, of 
course, be made from some of the original sample, and 
hence this ion is also classified in Subdivision B of 
Group V. 

The detection of carbonate may also be made by 
holding a drop of dilute solution of NagCOs colored by 
some phenolphthalein in the gas escaping from the 
Bre-water tube. (Red color of the drop decolorized 
by the escaping gas, presence of carbonate.) (13.) 

4. The anions soluble in HOAc should be completely 
removed from the residue by thorough washing; other- 
wise, phosphate, arsenate, and tartrate will interfere 
with the identification of silicate. Arsenite and tar- 
trate will reduce permanganate. 

5. Since the reaction of silicate may be hindered by 
the presence of tartrate (14, 24); if tartrate is present, 
it must be removed. On strong ignition, tartrate is 
decomposed. 

6. During the early period of the present investiga- 
tion, Noyes’ method (26) was employed to identify 
fluoride. But when the amount of fluoride present is 
less than 10 mg., that method is not very sensitive. 
After repeated unsuccessful attempts to identify small 
amounts of fluoride by various methods (7, 15, 34), it 
was finally decided to use the zirconium purpurin 
method (19). 

7. Since arsenite and ammonium radical give simi- 
lar reactions as does tartrate (8), they must be removed 
beforehand. The treatment with H2O2 serves to re- 
move arsenite and the evaporation with an excess 0 
NaOH removes ammonium radical. 

8. The HSiO; precipitate formed during neutraliza- 
tion is colloidal in character and is easily overlooked; 
consequently, the formation of this precipitate should 
be carefully observed. Some needle-like crystals may 
separate at this stage, due to the formation of a double 
salt of ammonium oxalate and ammonium acetate. 
But these crystals dissolve easily in pure water and can 
be separated from the H2SiO; precipitate by washing 
with water. 

9. As dried CaSiO; is partly soluble in hot HOA, 
and the amount of CaSiOs; dissolved varies with the 
experimental conditions, the detection of silicate 
should be made from both the residue and the filtrate 
of the HOAc treatment. 

10. A reprecipitation is carried out to free the 
magnesium precipitate from any occluded oxidants 
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gich as CrOy or Fe(CN)¢™ which otherwise interfere 
with the final test of arsenate. 

11. In case thiosulfate is present in large quantity 
it may be precipitated in Group II and the identifica- 
tion of sulfite by testing the liberated gas becomes open 
to question. In this case, a separation of these two 
ions has to be made (9). 

12. Owing to the adsorption phenomenon, sulfite 
may be wholly precipitated as calcium salt, and con- 
quently it is not always found in Group II. When 
ithas been found in Group I, a further detection of it 
in Group II is unnecessary. 

13. In view of the fact that most of the common 
anions are capable of undergoing oxidation and re- 
duction and the oxidation-reduction reactions are 
generally promoted either by increasing the hydrogen- 
jon concentration or by increasing the temperature of 
the solution, the test-solution during the group separa- 
tion was invariably made slightly alkaline and was in 
no case heated to boiling. Such experimental condi- 
tions, however, favor the formation of very small 
particles of the precipitates, especially in the case of 
barium sulfate. Consequently it is necessary to use 
paper pulp in filtering barium sulfate and from the 
residue on the filter paper, it is difficult to know whether 
BaSO, is present or not. For this reason, a confirma- 
tory test with mercuric nitrate reagent (10) was found 
to be indispensable. 

14. In case a large amount of light-colored pre- 
cipitate renders the detection for thiosulfate incon- 
dusive and at the same time thiocyanate is known to 
be absent, the presence of thiosulfate can be identified 
by converting it into sulfate by means of bromine water 
from a separate portion of the filtrate of Group III. 
If thiocyanate is also present, a less sensitive test (by 
treating it with acid to liberate free sulfur) is the only 
resort. 

15. If nitrite is present in the filtrate of Group IV, 
the latter will change to a black color on standing, owing 
to the reduction of AgNO; to metallic silver. In this 
case, the AgNO; must be removed at once by treating 
the filtrate with an excess of NaeCO; solution [as de- 
scribed in (V, B)]. 

16. Although the detection of iodide by means of 
K:S,03 is very delicate, yet, if a large amount of iodide 
is known to be present it is preferable to use Fe(NOs)s 
or NaNO, as the oxidant. In this case, the treatment 
with NH,OH and HOAc is unnecessary and the re- 
moval of iodide (before the identification of bromide) 
tan be effected by boiling’instead of continuous ex- 
traction with CCl,. (The latter process is tedious, and 
itis also necessary to use a large quantity of CCl.) 

17. In the identification of bromide the yellow color 
in the CCl, layer should persist for at least three to 
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four minutes. A similar color due to an oxidation- 
product of thiocyanate is easily decomposed within 
one minute by agitating the mixture (18). The trouble 
arising from the slowness of the oxidation and volatili- 
zation of the Bre as it is formed (22) can be overcome 
by the fluorescein paper test (17, 36). 

18. Although silver borate scarcely dissolves in 
neutral or slightly alkaline solution and may be pre- 
cipitated in Group IV, yet it hydrolyzes very easily 
with the formation of silver oxide and boric acid which 
goes into the filtrate of Group IV. For this reason, 
borate is not generally found in Group IV, but in the 
Subdivision A of Group V. 

19. The precipitation of CaSiO3, Cas3(AsO,)2, Ca- 
(AsOz)2, and Ni(AsOz2)2 is by no means complete. Small 
amounts of silicate, arsenate, and arsenite ions still re- 
main in the solution and are usually further precipi- 
tated as silver salts in Group IV. However, enough 
quantities of CaSiO3 and Ca3(AsO,)2 have been precipi- 
tated in Group I and Ni(AsO:)2 in Group III so that 
positive results can be obtained in their proper places. 

20. During the early period of this investigation, 
the thiourea test (27) was used to identify nitrite. But, 
when the amount of nitrite present is very small, the 
diazo reaction method (1) seems much better. How- 
ever, in case nitrite is present in large quantity, a dark 
red precipitate instead of red coloration is always 
formed. 

21. In case the conflicting substances such as ni- 
trite, chlorate, or hypochlorite are absent, the evapora- 
tion with HCl is unnecessary, since there is considerable 
loss of boric acid in evaporating acid solutions. 

22. Although methods for identifying acetate are 
many (3, 5, 20, 21, 33, 35), none of them has proved to 
be satisfactory. As the ester formation test is simple, 
it has been adopted in this procedure. 

23. The following anions interfere with the identi- 
fication of nitrate, and must first be removed: NO,.-, 
Br,~, I-, Fe(CN), Fe(CN) =, AsO.~, CrO -, and 
ClO3~. Nitrite can be destroyed by conversion into 
unstable ammonium nitrite (4) or by a diazo-reaction 
(1). Chlorate and chromate can be reduced by H2SOs. 
The removal of Fe(CN)é, Fe(CN).*, Asoz~, Br-, 
I~, and Cl~ can be effected by treating with AgsSO,. 

24. Tartrate ion, when present in less than 10 mg. 
per 20 cc. of solution, cannot be precipitated by any of 
the group-reagents. For this reason, the detection of 
tartrate should be made from some of the original sam- 
ple. 

Sulfide, arsenite, and ammonium radical interfere 
with the detection of tartrate. The removal of arsenite 
and ammonium radical thas been described in Note 7. 
Sulfide can be removed by evaporation with an excess 
of H2SOx. 
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The CHEMISTRY METHODS 


COURSE 


M. P. PUTERBAUGH 


Ashland College, Ashland, Ohio 


As a part of the main problem of teacher-preparation 
the ‘“‘methods’’ course in the teaching field of chemistry 
is considered. It 1s especially important that a science 
teacher be introduced to the many problems, duties, and 
devices that make up classroom and laboratory experiences. 
The methods course given by the author supplements the 
professional courses in education. About sixteen class 
sessions are devoted to a consideration of such topics as 
“Objectives,’’ “‘Lesson Plans,” ‘Class and Laboratory 
Relations,” ‘‘Purchase and Care of Equipment,” and the 
like. In addition each student spends about thirty clock 
hours on such typical work as making up solutions, and 
helping in stock room, laboratory, and classroom. This 
experience benefits future teachers and most students 
majoring in chemistry as well. 


-~+ +> + + + 


UCH attention has been given in recent years 
to the training of chemistry teachers by both 
the education and the chemistry groups. It 

seems, however, that the matter is not settled at all. 
The problem has many angles but this discussion is 
concerned with only one of them—the Chemistry 
Methods Course. ‘ 

For a number of years the Ohio State Department of 


* Based upon a paper presented before the Ohio Academy of 
Science at the meeting of the Academy in Columbus, Ohio, 
March 14, 1937. 


Education has required the applicant for a teacher's 
certificate to take a special methods course in one or 
more of his teaching fields. It soon became evident 
that, if the various college departments did not give 
these courses, the education department would haw 
to give them. So a new task was passed on to many 
of us. Some have regarded this as a necessary evil 
and have slighted the work or even ridiculed it. Others 
have recognized it as a great opportunity and obliga- 
tion to better the profession. 

There came the realization, also, that here was 4 
chance to give special training to our students in the 
smaller colleges who are to help us as student assist- 
ants. Gradually, then, we have developed these 
methods courses by following largely our own patterns.{ 
It is hoped that this discussion will result in an exchange 
of ideas and experiences which will help us do our task 
better than ever. 

First of all, the course should be given only to those 
who are well prepared in chemistry. We have tried to 
insist at Ashland College that only those students with 
‘“‘B” averages in chemistry who are completing majors 
or minors in that subject are to be enrolled. We have 
also decided that, if the course seems valuable for those 
who plan to teach, it would be equally beneficial for 


+ A survey of methods courses and a very brief outline of the 
average course in 1926 is given in the article by HaypEN, H. 
“Methods courses: survey of courses in the teaching of chem- 
istry,’’ J. Cuem. Epuc., 3, 528 (1926). 
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those who apply for positions as student assistants in 
ourdepartment. It will be seen that the course supple- 
ments other education courses such as Principles of 
Rducation, Observation, and Practice Teaching. It 
might seem that some of the topics discussed in the 
course would be of little value to a student who never 
intends to teach in high school, but almost without ex- 
ception our students have greatly enjoyed the class 
discussions and arguments on all the topics. 

The course is conducted in a rather informal, round- 
table discussion manner. One hour a week for a 
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ae gmester is spent in class sessions and about thirty 
s. Chem, | cock hours are spent by each student in laboratory 
30). projects, thus giving two semester hours’ credit. 





There are many outlines and books available which are 
intended for courses in science teaching in general. 
One of the best outlines is that presented by Vida 
Gegenheimer of Russell Sage College.' Most of the 
general references suggested in this outline are good and 
the book by Preston? should also be consulted. There 
are very few books devoted entirely to the teach- 
ing of chemistry, however. J. O. Frank’s book, 
‘Teaching First-Year Chemistry,’’* contains many 
very excellent ideas but no textbook has been found 
that is entirely satisfactory. Instead, the students 
are assigned topics and referred to the library for ma- 
terial. Reports are then given, and everyone enters 
into a rather lively discussion of the topics. + The stu- 
dents have been urged to feel free to express their 
opinions on various phases of their past chemistry 
training and many of their reactions and ‘‘confessions”’ 
have been very enlightening and valuable. 

The first subject discussed includes the implications 
of the word ‘‘Science,”’ 7. ¢., the meanings of the term, 
the scientific method, the educational functions and 
values of the sciences, the viewpoint of the science 
teacher, and the aims of science teaching. Some stu- 
dents have revealed that they never quite caught the 
true spirit of science until they discussed this topic in 
this course. 

The next logical step is to discuss the place of 
chemistry in the curriculum. Such important ques- 
tions as the relationship of chemistry to general science 































ssis- § and the other sciences, as well as the correlation of high- 
these B school and college chemistry are certainly stimulat- 
mns.f ing. 
ange Lest we feel that the individual teacher has very little 
task 9 to say about this matter, it may be pointed out that 
our curricula are not static and a number of our pupils 
hose § may some day find themselves to be superintendents or 
e in other responsible positions and can actually bring 
wi 





about changes and improvements which may seem 
femote and visionary now. The discussion here may 





tasily include a consideration of the content of the 
ose — 
for 1 GEGENHEIMER, V., ‘‘A college course in methods of teaching 





sience,” J. CHEM. Epuc., 9, 1439 (1932). 

*Preston, C. E., ‘The high-school science teacher and his 
work,” McGraw-Hill Book Co., Inc., New York City, 1936, pp. 
XV1, Xvii. 

*Frank, J. O., 
Wis., 1927, 148 pp. 





F the 






1em- 





“Teaching first-year chemistry,” Oshkosh, 






581 





course, order of topics, minimum essentials, objec- 
tives of chemistry teaching, and the like. 

With this background it is possible to consider, then, 
the preparation of the chemistry teacher. Four gen- 
eral topics are (1) personal qualifications, (2) pro- 
fessional training both in chemistry and educational 
subjects, (3) service to the community and to society, 
and (4) the duties of a chemistry teacher. Self-rating 
scales are pointed out and usually a lively discussion 
of the value of the education courses that are taken is in 
store at this point. It is also important to note how 
different is the task of the chemistry teacher, or that 
of the other science teachers, from that of the history 
or language teacher. It is well to discourage the 
student here who thinks he might try teaching be- 
cause it is a ‘‘snap,’’ by having him read the article on 
“The duties of one in charge of a science depart- 
ment.’’* 

At this point we may pause a moment while our 
graduate gets his position. We have not put into our 
course any “‘pointers’’ on how to get a job. We have 
assumed that this information is made available else- 
where and that there are no special suggestions about 
getting a chemistry teaching position. Nevertheless, 
the subject creeps into our discussion just the same. 

It sometimes happens that the teacher is actually 
consulted on the textbook to be used, so it becomes 
necessary, then, to consider the choice of text, manual, 
or work-book. Some excellent suggestions are offered 
in a number of articles in the JOURNAL OF CHEMICAL 
EDUCATION mentioned by authors to whom reference 
has already been made, and a good rating scheme is 
given by Frank. In our library we have collected a 
number of texts and manuals so that we may discuss 
and rate them. 

It is both necessary and opportune at this point to 
come to some conclusion as to the way the chemistry 
course is to be conducted. That brings up the whole 
question of the relation of laboratory work to the class 
work. All the arguments on both sides of this much- 
debated question are presented and considered. It is 
difficult for a teacher who is so favorable to individual 
laboratory work to consider impartially with his stu- 
dents the suggested merits of any other plan, but an 
effort is made to do just that. If it is agreed to pro- 
ceed with individual laboratory work, it is necessary 
to choose a manual or work-book, to consider the rela- 
tive amounts of time to be devoted to the laboratory 
and the class work, and how to keep the work of the 
two together, and to decide whether the laboratory 
study of a topic should precede the class discussion of it, 
or vice versa. Undoubtedly a number of other ques- 
tions will be raised at this point also. 

Following the important decisions just reached one 
may well spend some time discussing in detail the 
various problems of classroom and laboratory instruc- 
tion. A feature of this part of the course is to have the 





* CARPENTER, W. W., ‘‘Questionnaire study of the duties of the 
one in charge of the department of science with particular refer- 
ence to chemistry,” J. Cuem. Epuc., 3, 533 (1926). 
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students prepare two lesson plans—one on a theoretical 
subject like atomic weights, gas laws, or ionization; 
and the other on a descriptive chapter such as oxygen, 
air, water, sulfur, or one of the metals. Of course, it 
may be argued that this is not very valuable experience 
for a student who is not planning to teach high-school 
chemistry. But we have noticed that all the students 
in the Methods Course seem to have a more wholesome 
respect and sympathy for all their teachers after they 
try to outline a lesson plan on one of these topics and 
have the rest of the group point out the weaknesses in 
it. On the other hand, one may argue that either two 
lesson plans are too many or too few for a student who 
plans to teach. We defend our requirements on two 
grounds. The student will have additional opportuni- 
ties in other education courses to formulate and carry 
out lesson plans. Yet, it is evident to all that the ordi- 
nary professor of education who may know a great deal 
about the principles of education may be wholly igno- 
rant of the pitfalls in presenting the periodic law, and 
only in a Chemistry Methods Course can an experienced 
chemistry teacher help the novice over one of the hard- 
est places in the long, rough road. 

Upon turning our attention to laboratory instruc- 
tion, we find many problems clamoring for solution. 
How are experiments to be selected? What kind of 
order must we have in the laboratory and how may it 
be maintained? How much are students to be as- 
sisted? What additional instructions to those in the 
manual are to be given? What about laboratory acci- 
dents and ventilation? How and when are laboratory 
notes to be recorded and how and when are they to be 
graded? These questions and others almost too nu- 
merous to mention arise at once. They also bring up 
another group. In fact, a number of them are impor- 
tant enough to warrant the class spending an hour or 
more in their discussion. It may also be pointed out 
that, if parts of this course are of special interest to the 
students who will teach, the present matters under dis- 
cussion are of interest to all. 

Think of the problem of ordering chemicals and 
apparatus and you will remember that this involves 
such questions as, ““‘Where, when, what, and how buy 
these articles?’’ The matter of proper sizes of appara- 
tus, grades, and brands of chemicals and apparatus, 
making up lists and specifications and getting quota- 
tions, and other points so well known to teachers 
compose this group. A student need only have placed 
in his hands one of the new “unabridged dictionary”’ 
type catalogs and be told to spend four hundred 
dollars wisely to benefit thirty-two chemistry students 
and he will begin to see that he has a real task ahead. 
Closely associated with this problem is one of the safe 
storage, dispensing, repair, and inventory of the chemi- 
cals and apparatus. About this time one is reminded 
again that the author who listed fifty duties for the 
chemistry teacher simply stopped at a convenient 
number! And again the realization haunts one that if 
this information is not given in this Methods Course 
it must be obtained in “‘the hard way.” 
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Even the minor topic of laboratory notes grows int) 
a larger topic involving class notes, reports on outside 
reading assignments, daily written work, mathematicy 
problems, and the like. 

Then, because so much attention is being give, 
generally to tests and measurements, and because g 
teacher must know something of student progress jp 
order to plan the daily work, it is profitable to consider 
the testing program for the course in chemistry, The 
discussion should include at least constructing, aq. 
ministering, scoring, and interpreting the results of the 
new type objective tests. 

Finally the course closes with a consideration of two 
general topics—aids in maintaining interest, and cheni. 
cal literature—and whatever miscellaneous suggestions 
on teaching procedures have not been touched upon, 
By this is meant such topics as writing large on the 
blackboard, performing demonstrations, control of 
voice, assignment of lessons, and other general ideas, 

Under the title, “Aids in Maintaining Interest,” 
are discussed such topics as posters, museum experi- 
ments, field trips, science clubs, ‘‘open house”’ exhibits, 
and schemes of visual education. 

We now have many lists of books and source material 
which have been recommended for school libraries‘ 
Whenever we see a high-school library with pitifully 
few books on chemistry we always suspect that some- 
one did not know what books to buy and made no 
recommendation for their purchase. Before the stu- 
dent finishes the Methods Course he should certainly be 
acquainted with a rather well-rounded bibliography and 
know how to find chemical information in the literature. 

Now, perhaps one of the most important parts of the 
Methods Course must be considered. What is the 
nature of the laboratory work the student is required 
to do? The general idea is that he is to be introduced 
to as many of the routine duties, which may later come 
to him, as possible. He unpacks shipments and sees 
what is necessary to make available to students such 
things as sodium, bromine, and the acids. He learns 
the tricks in making up ammonium carbonate solu- 
tions, stannous chloride solutions, and lime water. 
He takes an inventory of part of the storeroom and gets 
a conception of a pound bottle of mercuric oxide anda 
pound bottle of benzoic acid. The promising students 
do some assisting in the laboratory and help with reme- 
dial drill work for those students who are having diffi 
culties. One student is usually assigned to keep the 
bulletin board supplied with interesting and current 
clippings. Another helps to prepare apparatus for 
class demonstrations and sets up ‘“‘museum expeti- 
ments.” Some write for samples and displays and 
help to arrange permanent exhibits. Just recently at 


effort has been made to start collecting or compiling | 


bibliographies. Recent issues of THIs JOURNAL carried 
lists® of all articles which had occurred in two publica- 


5 Cutp, V. S., W. A. Noyes, AND R. D. REEp, “Report of the 
Committee on Chemistry Libraries,” zbid., 11, 114 (1984). 

6 AtvgEA, H. N., “Bibliography for general chemistry from 
several periodicals. Part I,” ibid., 13, 76 (1936). Part II, ibid., 
13, 540 (1936). 
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tions to date which would be of interest to students 
in the chemistry course. More of this type of work 







gould be extremely valuable to tezchers and we hope 
yon to have available for our Methods Course a com- 
plete list of suitable articles in THIS JOURNAL grouped 
ynder the topics considered in this course. 

You probably know by this time that the writer 
It may be just another 
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case of a bachelor writing a treatise on child training. 
But the problem had to be faced and we have been 
guided many times by asking, ‘‘What do I wish I 
had known before I began to teach?’ By contrib- 
uting your answer to this question you will help the 
colleges train a better corps of high-school teachers 
who may, in turn, exert a profound influence on our 
beloved science. 
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During 1937 Mr. Ellis received his seven hundredth 
patent from the United States patent office. Only two 
men in history—one of whom was Thomas A. Edison 











le St: B jave received more patents. 

nly be There are so many interesting and inspiring phases of 
= and Bi his work which are not included in this article, “The 
-ature, 


Compilation of Chemical Data,” that we are quoting from 
a biographical article about Mr. Ellis written by A. D. 
McFadyen |Journal of the Patent Office Society, 20, 
4-9 (July, 1937)]. 

“The inventions of probably no other chemist in history 
enter into the daily life of the public in such variety of 
ways as do those of Carleton Ellis. Though best known 
for his work in connection with the petroleum industry, 
points and varnishes, synthetic resins and urea plastics, 
lis inventions touch nearly every branch of the chemical 
ans. Soaps, cosmetics, explosives, glass, chewing gums, 
floor waxes, food stuffs ranging from butter substitutes 
om through the dog biscuit, even the ink of this print may 
be mentioned as some of the familiar things incorporating 
improvements covered by the six hundred eighty-four 
United States patents granted this noted inventor. 

“The first important invention made by Ellis, conceived 
at the age of twenty-one and while serving on the tnstruct- 
ing staff of. Massachusetts Institute of Technology, con- 
sisted of the paint and varnish remover compound as sold 
werywhere today. It involved a fundamentally new thought 
and directed the art into a new channel. 

“To convert waste and cheap materials into new and 
useful things has been his constant quest and to do 1t ef- 
feiently requires true genius. Ellis has accomplished 
this feat on numerous occasions. While in Germany he 
ws shown 50,000,000 pounds of synthetically made urea. 
It was being sold for fertilizer, but the market was slow. 
Then and there Ellis began thinking of a new use for it— 
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THE COMPILATION OF CHEMICAL DATA 
CARLETON ELLIS 





The CHEMIST at WORK 


ROY I. GRADY ano JOHN W. CHITTUM 
The College of Wooster, Wooster, Ohio 








the recent commercial production of urea formaldehyde 
is largely the result of his work. Today urea formaldehyde 
may be seen at every hand; for example in toilet articles, 
clock and radio cases, dishware, tiles, and buttons. It 
has largely supplanted celluloid except for photographic 





Mr. ELiis AT ONE OF THE ELECTRICALLY HEATED Hort- 
PRESSES AT THE ELLIS LABORATORIES, EXAMINING A MOLDED 
PLASTIC 


films. A chemist will explain prosaically that urea is 
made by combining ammonia and carbon dioxide, and 
formaldehyde from carbon monoxide and hydrogen. Thus 
the resinous product is produced from four colorless gases. 
To the man in the street, however, the process smacks of a 
miracle of creation. 

“Although Ellis’ work in synthetic resins has gone 
far toward developing the subject into an exact science, 
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work in this field is still largely empirical. ‘Making dis- 
coveries in chemistry through research,’ he says, ‘is an 
elusive process. Frequently logic and data carry us away 
from, rather than lead us to, discoveries sought after. Of 


THE SMALL LABORATORY BANBURY MIXER AT THE ELLIS 
LABORATORIES 


the thirty years I have been working on coating materials, 
fully twenty have been consumed in learning what not to 
do.’ 

“Another of Ellis’ discoveries in connection with pe- 
troleum reads somewhat like a miracle. It will be recalled 
that during the war airplanes of the United States and its 
Allies were frequently set afire by incendiary bullets, 
whereas the German planes were non-inflammable. This 
difference was due to the fact that the cloth covering of the 


The writer is engaged in compiling data on various 
phases of the chemistry of synthetic resins. Obviously, 
such an occupation is concerned almost entirely with 
library work as the chemist commonly terms it. The 
task is soniewhat different from that which the academic 
researcher is accustomed to perform prior to undertak- 
ing some particular research, for the information to be 
gathered is largely to be found in the patent literature, 
and the field to be covered is often considerably broader 
than that which concerns an individual problem. 

The object in making a literature survey of any par- 
ticular field of industrial chemistry is to make easily 
accessible all of the available information on the sub- 
ject, whether it is stored away in dusty volumes or com- 
monly employed in industrial practice. In the language 
of the patents, the object is to record the prior art of 
the particular branch of applied chemistry with which 
the compiler may be concerned. Such a survey pro- 
vides the reader with a perspective by means of which 
he can evaluate present and past discoveries, and through 
which he can view the entire field and see how it has 
developed not only in recent years but in the years 
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wings of German planes was impregnated with cellulose 
acetate, whereas the wings of our planes had to be coat 
with gun cotton through lack of acetone—the conventiong| 
solvent for cellulose acetate. A plea for acetone was sen 
out from Washington to the chemical profession. Ellis q 
the time the plea was received was in the midst of his ex. 
periments leading to the production of isopropyl alcohol 
from petroleum. Reverting to the formulas of his note 
Ellis saw intermingled therewith the acetone formula. ‘I 
literally jumped out at me from one of the petroleum formu. 
las,’ he later related. ‘It was the first time in my career 
that an invention came easily.’ A test run was made, 
yielding about ten gallons of pure acetone! The War 
Department was notified. The chief of the Signal Service, 
Chemical Warfare, rushed to the Ellis laboratory at Mom 
clair, New Jersey, to verify the claim. The process was 
repeated to his amazement, which he accepted with doubt, 
saying ‘There must be a ‘‘nigger’’ in the woodpile some. 
where.’ Nevertheless, for the duration of the war all the 
acetone required by Uncle Sam was produced in a small 
plant Ellis had previously built at Bayonne, New Jersey, 

‘Besides carrying on his own research, and serving as 
consultant to a number of corporations, including th 
Standard Oil and the Procter and Gamble Companies, 
Ellis has found time to write many books about chemistry. 
Due to the phenomenal progress of the past three years in 
the chemistry of petroleum, Elis has in press a large 
volume supplementing his ‘Chemistry of Petroleum 
Derivatives’ (of 1934). In 1935 he published the ‘Chem. 
istry of Synthetic Resins’ and already he 1s working ona 
revised edition of this work, so great has been the activity 
in this field. His ‘Hydrogenation of Organic Substances; 
now in the third edition, has had a world-wide distribu- 
tion.” 


prior to the industrialization of the processes involved. 
Furthermore, this type of survey brings to light possi- 
bilities for future advances, and serves as fertile ground 
for new ideas and possible new research programs. Also, 
one of the objects in the compilation of chemical data 
is to facilitate patent searches and to avoid duplication 
of effort on the part of various investigators. Any it- 
dustrial concern which is contemplating entry upon 4a 
particular research project must provide its research 
workers with the means of preparing or obtaining 4 
literature compilation in the particular field of interest. 
Moreover, the advancement of science is fostered if 
those persons who have at their disposal large amounts 
of chemical information not easily available to others 
write up this material for the use of chemists in general. 

The question may be asked: When is it desirable of 
profitable to make a literature compilation? The answet 
is that whenever an industrial field has broadened 
rapidly during the years prior to the projected survey, 
or when it can be foreseen that such a broadening 's 
about to occur within the years subsequent to the sut- 
vey, it is desirable to compile a study of the prior 
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yt. Whenever the correlation of research data lags 
jehind actual practice (as is usually the case) it would 
be convenient to have the correlation brought up to 
date in the form of a compilation. It is, of course, ex- 
tremely difficult to obtain information on some of the 
more important processes actually being used, and, ac- 
wrdingly, we must be content if we can keep abreast 
the published data, as it appears from week to week. 
As to the manner of making literature compilations, 
remarks will be confined to the practice with which the 
writer of this report has become familiar. First of all, 


LIBRARY OF THE ELLIS LABORATORIES 


the general subject of the survey is divided into suitable 
groups or chapters. Throughout a period of years data 
are accumulated and filed in their proper groups or 
chapters. It is essential that during the period in which 
the data are collected all of the standard abstract jour- 
nals be thoroughly scanned for material. Absolute 
completeness is the ideal, and every reasonable precau- 
tion is taken lest this ideal be not closely approached. 
From the abstract journals the location of important 
information is usually ascertained and reprints of origi- 
nal articles are sent for whenever they are necessary. 
Copies of patents are likewise obtained. Another 
source of information is the experimentation being 
carried on by the person or company fostering the com- 
pilation. When this is available the subject can be re- 
ported in a more accurate and descriptive manner. The 
Various investigations can usually be arranged into sub- 
gfoups according to the material covered. In the case 
of chemical patents this is not often difficult, for nearly 
every important patent is followed by a whole series or 
family of patents based upon modifications or improve- 
ments in the original discovery. Furthermore, these 
Vatious sub-groups or families of discoveries will almost 
always be found to be susceptible to arrangement into 
aconnected narrative. Ordinarily this is done by pre- 
senting first the historical and theoretical aspects. It 
Sastonishing that so many of the great developments 
of the present day can be traced back to the experimen- 
lations of such classical organic chemists as Baeyer, 
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Butlerov, or Wiirtz. Later chemists made refinements 
and saw new applications. In recording the theoretical 
aspects, conflicting opinions and speculations are pre- 
sented, and an attempt is made to rationalize each 
point of view with the data from which it was derived. 
Restraint from editorial comment is usually the rule, 


Mr. ELLis AND Mr. Coon AT THE BANBURY MIXER 


the object being to record the evidence impartially. 
Attempts are made to give credit where it is due in the 
matter of originality and precedence, and this is usually, 
but not always, possible. Following the discussion of 
the historical and theoretical side of the subject the 
various groups of researches are presented with as 
much semblance of consecutiveness as can be attained. 








A SET oF MILLING ROLLS, LABORATORY SIZE, AT THE ELLIS 
LABORATORIES. SucH Rotts ARE USED FOR MILLING 
RUBBER AND VARIOUS PLASTICS 


The more important experiments are described in detail. 
Complete summaries are given of each of the outstand- 
ing researches. Mention is made of the main contribu- 
tions contained in the minor investigations. Refer- 
ences to the original articles are, of course, recorded. 
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The finished compilation should provide the reader 
with a fairly complete picture of the progress which has 
been made in the branch of applied chemistry covered 
by the survey. 

If a group of compilers is engaged upon a single proj- 
ect, it is desirable that the style of writing be more 
or less uniform. To accomplish this it is necessary to 
formulate a set of rules in order to guide the compiler 
in deciding upon particular alternative modes of ex- 
pression. This is particularly important in the matters 
of spelling, punctuation, and methods of abbreviation, 
when alternative correct methods present themselves. 
Chemical nomenclature is always a problem, although 
the recent International Rules adopted by Chemical 
Abstracts are of great assistance. It is, of course, im- 
possible to arrive at any perfect set of rules which will 
cover all matters involved in chemical spelling, ab- 
breviation, and nomenclature. 

In order to carry out a satisfactory literature survey, 
excellent library facilities must be available. All the 
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standard books of reference should be at hand, as well 
as the common American and European chemic 
journals. The abstract journals which are most jn. 
portant are Chemical Abstracts, British Chemical Ap. 
stracts, and the Journal of the Society of Chemical In, 
dustry. It is essential that reprints of all importapt 
articles (including United States and foreign patents) 
be within reach. It is convenient to work close to, 
large chemical library where the more obscure journals 
can be obtained. Such journals are to be found in the 
library of the United States Department of Agriculture 
Washington, D. C., and the New York Public Library, 
It is only occasionally necessary to consult thes 
sources of information, however. 

To summarize the foregoing report, the job of a com. 
piler of chemical data consists in condensing chemical 
data in such a way as to produce a readable, concise, 
and complete account of all the information concerned 
with the theory and practice of the particular branch 
of chemistry which is the subject of the compilation, 
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WHAT A YOUNG GRADUATE WILL ENCOUNTER IN INDUSTRIAL RESEARCH 


WILLIAM CABLER MOORE 


Dr. W. C. Moore pauses in a busy life to give some 
advice to a young prospective chemist. Much of the article 
deals with various pitfalls likely to trap the young chemist 
at work. 

Dr. Moore is a graduate of the University of Nashville 
and holds the Ph.D. degree (magna cum laude) from the 
University of Chicago. He has been on the teaching staff 
in several of the leading universities of the country. For 
nine years he was Research Chemist for the National 
Carbon Company, Inc. and since 1920 has held the same 
rank with the U. S. Industrial Alcohol Company. While 


About twenty-five years ago another graduate stu- 
dent of the University of Chicago and I spent our spring 
vacation in visits to various industrial plants. 

At a by-product coke works we saw several boys, 
seventeen or eighteen years of age, making coal analyses. 
When we expressed surprise at the youth of the tech- 
nical staff the superintendent told us that those boys 
were not chemists at all, but merely chemical laborers. 
He further pointed out that they were easily taught a 
few routine methods and soon were as expert at such 
jobs as the company’s highly paid technical men who 
were thus relieved of that sort of work and had time, 
therefore, for real research. 

It had not occurred to me then, that in chemistry, as 
in other lines, there are jobs so mechanical that they 
can be performed by any fairly intelligent person with a 


his publications and patents have dealt with a variety of 
topics his present work consists chiefly in the application 
of physical chemistry to the problems of the alcohol in- 
dustry. 

He is a member of Sigma Xi, the American Chemial 
Society, the American Physical Society, and the Electro- 
chemical Society, and has served the latter group as Vice. 
president for two years. He has held various offices in 
the different local sections of the American Chemical 
Society—most recently chairman of the New York Sec 
tion. 


minimum of training. I am glad that this fact was 
demonstrated to me before I had had any industrial 
experience, and I believe that it is well for any young 
man who plans a chemical career, to realize, at the out: 
set, that there are these extremes—the laborer on one 
hand and the highly skilled, exceptionally well-trained 
and able research worker on the other. 

Before he gets a position the recent graduate should 
also be informed that his advancement from his first 
place will depend upon several factors; such as his 
training, his aptitude for chemical work, his research 
instinct, his ability to adapt himself to difficult situa 
tions, his attitude toward his job, and, finally, his per 
sonality. 

In his initial commercial job, the fledgling chemist wil 
be taught many valuable lessons. One of the earliest 
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will be that, although while in college all the chemical 










‘a well work had been directed to his own training, in an in- 
scat dustrial research laboratory his time will be devoted 
jeal mn to activities by which it is hoped that financial profit 





will ultimately accrue to those hiring him. His second 
lesson, probably, will develop the fact that while he 
may have been considered remarkably brilliant and 
able in his own local circle, his new colleagues probably 
have had the same experience in their environment. 
Even more important, some of them may be able to 
demonstrate that their friends were more nearly correct 
in their evaluation than were those of P. Montgomery 
Grannywhite, the hypothetical young man to whom 
we are giving some fatherly advice. 

If he is wise, our young friend will not assume that, 
because they are engaged in a factory operation, the 
plant men know little and care less about what they are 
doing. In fact, he will find that a friendly attitude 
toward the manufacturing staff frequently develops 
contacts that result in uncovering much valuable in- 
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—_ formation which will be of assistance in solving many 
problems. 

Finally, to his great surprise he will learn that many 
statements made in textbooks about current faciory 
processes are hopelessly out of date even if the text— 

RCH particularly one dealing with the purely scientific side 
of chemistry—is up to date in other respects. 

While he is thus getting oriented, Mr. Grannywhite, 

; will, of course, be actually doing some work of a more 
riety of or less technical nature. In general the newcomer will 
ication not be thrown on his own resources at once. He will 
hol it @ find the research staff already at work along several 
oe more or less clearly defined lines of endeavor. He may, 
wi therefore, be assigned to help some of the older men— 
‘lecito perhaps one of those of the Ph.D. rank. This job most 
, Vice likely will consist at first simply in acting as an intelli- 
ces @ sent, extra pair of hands for his boss. His first lesson 
4 in that capacity might be in judgment. 





For instance, some work involving iodine absorptions 
was under way. The final measurements to bé made on 
the mixtures under examination were so difficult to 
duplicate that variations of three to five per cent. would 
have been good checks. The new assistant, therefore, 
was somewhat surprised at being instructed to weigh 
his iodine only to ten milligrams when he was preparing 
to take elaborate precautions to guard against all loss 
of iodine during the weighing operations. 

It is assumed, of course, that Mr. Grannywhite has 
had at least a year in quantitative analysis. If his 
first assignment in his job is along analytical lines, he 
may consider himself fortunate because in that type 
of work he will get an insight into many problems in- 
volved in the fabrication of his company’s products 
that can be obtained in no other way. 

However, in an analytical job there is more danger of 
anew man getting into a rut, from which it is difficult 
to escape, than in any other research laboratory posi- 
tion. The difficulty lies in the fact that it is so easy 
to teach simple analytical technic to chemical laborers, 
and unless the newcomer shows exceptional ability he 
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will find himself in direct competition with the lowest 
paid workers in the laboratory. On the other hand, 
a highly trained, expert analyst will find opportunities 
every day to add to his knowledge, and to make himself 
more valuable to his company and thus pave the way 
for his own advancement. I have in mind several of the 
best, most accurate, keen, research workers I have ever 
known, who have been promoted to the top of the 
tree via the analytical route. 

As an analyst, the beginner in any laboratory will 
have some interesting experiences. In his quantitative 
course, in college, perhaps he had an exercise in gas 
analysis which took the better part of a day. On his 
new job he may find that he is expected to make five 
or six such analyses per hour, eight hours at a time. 
Again, his course probably included a Kjeldahl nitrogen 
determination which had been begun on Friday after- 
noon and had nicely rounded out his Saturday morn- 
ing laboratory period. When he starts earning his 
daily bread via the chemical route, he may have to 
make fifty to one hundred Kjeldahls per day. 

He will also learn that in any industry there are 
special analytical methods, not in the literature, which 
offer considerable opportunity to a skilful person who 
by careful work may be able to improve the technic, or 
accuracy of these particular determinations and so 
make a name (and probably a better salary) for him- 
self. It is just here that the highly trained man will 
be able to differentiate himself from the people I desig- 
nate as ‘‘chemical laborers.”’ 

It matters not what job the laboratory neophyte 
draws; if he is alert he will find that many statements, 
which are rigorously true in the confines of a college 
laboratory, take on a different aspect when examined 
in the light of commercial applicability. For instance, 
all textbooks of organic chemistry state definitely (and 
accurately) that ethyl alcohol can be oxidized quanti- 
tatively to acetic acid, yet this same reaction has been 
the subject of an enormous amount of commercial re- 
search, which is still going on in many places, the aim 
being to effect the oxidation more economically than 
it has been done in the past. 

Every new chemist will, of course, be thrown into 
contact with many of the men who hold the higher 
positions in the laboratory. He will probably make 
many wisecracks to his cronies, about some of the old 
fogies who have the easy jobs, and in most cases, as 
he will learn later, his snap judgments will be wrong. 
Some years ago a rather aggressive newcomer in our 
own group asserted that he was the only one in the 
laboratory who knew anything about catalysis. It took 
the better part of an hour tc indicate to him a list of 
reports, on both homogeneous and heterogeneous ca- 
talysis, which had been turned in by our staff and many 
of which had born fruit long before this chap had ever 
heard of our company (or we of him). 

All experienced workers in an industrial research 
organization will probably agree that it is impossible to 
lay down any hard and fast rule as to how industrial 
problems are to be attacked and ultimately solved. 
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Every problem presents new difficulties which can be 
overcome only by persistent, patient, hard work, plus 
a very large amount of chemical and mechanical in- 
genuity. 

The chemical journals, such as Industrial and Engi- 
neering Chemistry, Chemical and Metallurgical Engi- 
neering, and Chemistry and Industry are full of accounts 
of the successful outcome of many industrial researches. 
The young chemist who hopes for advancement should 
read these journals regularly and assiduously. From 
his older and more experienced colleagues and from the 
printed accounts just referred to he will glean much 
helpful information, so that when the opportunity is 
given him to begin a problem of his own, he will be 
able to make a start. He will find, however, not only 
much joy and pleasure as his work advances, but also 
many disappointments. Of the latter, perhaps the 
most exasperating is to carry out a piece of work to a 
successful scientific conclusion, only to find that in the 
meanwhile the whole commercial picture has changed 
so that the results of his work can not be put into pro- 
duction at a profit for his company. An industrial re- 
search chemist, in the course of a few years, may have 
a surprising variety of problems to solve. Some of these 
may develop from his own work; some may be due to 
troubles in plant operation; many will have their source 
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in the realization by the Sales Organization of a com. 
mercial need for a new product or an improvement jp 
an old product, which can be materialized by extensive 
research. 

When new problems arise due to the developments jn 
his regular work the researcher goes by easy stages from 
one phase to another of the particular job he may haye 
in hand. It is, of course, to be understood that he 
must keep in touch, through chemical literature and pat. 
ents, with scientific and technical advances made jp 
his field by other investigators. 

Absolutely new lines of investigation, on the other 
hand, most frequently demand individual lines of ap. 
proach. One such is the complete examination of all 
competing products, in order to know wherein their 
good points and their defects lie. 

Sometimes, if the new problem promises to cover an 
extensive field and to last for a long time, a general 
conference will be held and parts of the problem as. 
signed to those individual workers whose past perform. 
ances indicate that they are best suited to the particular 
job. Thus, one man may devote all his time to prepa- 
ration of a new compound; another to determining its 
physical characteristics and still another to testing its 
usefulness. And so, with each man making his contr- 
bution, the problem is finally solved. 
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THE TEACHING FIELD OF PHYSIOLOGICAL CHEMISTRY 


HELEN L. WIKOFF 


The author of this article is Assistant Professor of 
Physiological Chemistry at The Ohio State University. 
She has received the A.B., the M.S., and Ph.D. degrees 
from the university with which she is now connected. Dr. 
Wikoff is a member of Phi Beta Kappa, Sigma Xi, Phi 
Mu Upsilon, the American Chemical Society, and a 
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Professors of physiological chemistry are in general 
associated with colleges of agriculture or colleges of 
medicine. Some of the larger universities maintain 
a separate department or division of physiological 
chemistry in each of these colleges. This is particu- 
larly apt to be the case if the medical school is not 
located in the same town with the university proper. 
In the case of Columbia University physiological chem- 
istry is taught both in Teachers College and in the 
Medical School, although both are in New York City. 
In some institutions physiological chemistry constitutes 
a division of the department of chemistry. The ma- 
jority of medical schools, however, have separate depart- 
ments of physiological chemistry. 


Fellow of the American Association for Advancement of 
Science. 

Dr. Wikoff is co-author of a textbook of Materia 
Medica with Dr. C. S. Smith. Her other publications deal 
with halogenated oils used im X-ray work, the chemistry 
of silicosis, and chemistry as a vocation for women. 


++ + 


The duties and responsibilities which are described 
in this paper are those of a professor of physiological 
chemistry in a medical school connected with a mid- 
western state university. In this particular institution 
the medical school is located on the campus of the uni- 
versity. Although the Department of Physiological 
Chemistry is budgeted through the College of Medicine 
there are courses which are offered to all students in 
the university who have the necessary qualifications. 

For practical as well as pedagogical reasons three 
distinct types of basic courses are offered: one for 
medical students, one for dental students, and one for 
those who are making physiological chemistry theif 
major subject or who are taking it as a part of their 
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rogram with chemistry or a biological science as the 
major subject. It is for this latter group of students 
that our professor is primarily responsible. It may be 
presumed that, in this group, students elect physio- 
logical chemistry because they want to make it a part 
of their life work and that it is not to them a require- 
ment to be met in order to secure a professional degree. 
The teaching duties of the professor may be roughly 
divided into three groups: fundamental courses, pro- 
fessional courses, and advanced courses. The funda- 
mental courses cover such subjects as the chemical 
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constituents of food, the chemistry of digestion, food 
analysis, and blood analysis. The courses consist of 
both lecture and laboratory work. Ordinarily there are 
three lecture-quiz hours and six laboratory hours per 
week, 

In the food analysis course samples of various well- 
known foods are given the students to analyze. The 
types of food are represented by such articles as break- 
last foods, infant foods, sirups, butter, peanut butter, 
chocolate, milk, and so forth. 

In the course in the chemical analysis of the blood the 
students practice first on samples of animal blood, then 
on samples of normal human blood which they draw 
from each other. Finally they draw their own samples 
from clinical patients in the hospital and make the 
necessary chemical determinations on these. 
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Our professor is in charge of only one professional 
course and that is materia medica for nurses. This is 
a lecture recitation course for students in the College of 
Education who are securing a certificate in nursing as 
well as a B.Sc. degree in Education. When these young 
women have completed their work, they may become in- 
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DETERMINING THE SPECIFIC GRAVITY OF AN OIL BY MEANS 
OF A WESTPHAL BALANCE 


structors in training schools for nurses, public health 
nurses, school nurses, or teachers of hygiene in sec- 
ondary schools. In the course in materia medica they 
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are taught how to prepare solutions of drugs of different 
strength, as well as the form in which the drug is usually 
administered. Particular emphasis is placed on the 
dose and the action to be expected from each drug 
studied. 

The advanced courses for which our professor is re- 
sponsible include a course in the biography of physio- 
logical chemists, a seminar, and the direction of major 
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and minor research problems. The topics for the 
seminar and the research problems vary from year to 
year. The seminar topics in the past have included 
“The Essential Oils’ and “Organic Nitrogen Com- 
pounds of Biological Significance.’’ Some of the re- 
search problems have included the following: the 
Chemical Composition of Peanut Butter; the Carbohy- 
drates of Peanut Butter; the Chemistry of Peanut Oil; 
Methods for Detecting Small Amounts of Bromine; 
Methods for Detecting Bromine in the Blood; the Bro- 
mine Content of the Blood of Normal Individuals; the 
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Reaction of Bromine on Amino Acids; and the Forma- 
tion and Chemistry of the Pigment-Like Substances 
Obtained by the Action of Bromine on Tyrosine. 

Our professor also has a certain number of admini- 
strative duties. She is the departmental registrar who 
checks all course registrations before they go to the Uni- 
versity Registrar. This work involves planning a proper 
sequence of courses for all departmental majors and 
seeing that prerequisites for courses and degrees are met. 
The professor is also advisor to graduate students who 
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elect to take a problem under her immediate super- 
vision as well as to Arts students majoring in the de. 
partment. 

In addition there are administrative duties outside 
of the department. A number of young people in the 
university want to take a sequence of courses which 
will qualify them to become technicians for hospital 
or chemical laboratories. Our professor is advisor for 
this group and assists in finding locations for thes 
students when they are graduated. 

A broader university activity involves membership 
on the Committee on Vocational Information for Women 
Students. Each Autumn, the office of the Dean of 
Women of this university sponsors a series of Voca- 
tional Information Conferences in which the speakers 
consist of both university professors and outstanding 
individuals in lines of work of particular interest to 
college women. As chairman of the program commit- 
tee, it is the duty of our professor to obtain such 
speakers and to arrange a program for the Vocational 
Information Week. During the week, our professor 
also speaks to groups of interested students on the 
opportunity for laboratory technicians. 

Because the Department of Physiological Chemistry 
is located in a state institution, frequent requests come 
from other units of the state government for technical 
advice. The officers of coroner and prosecuting at- 
torney of the various counties make the most frequent 
inquiries. These primarily concern law enforcement, 
and both advice and toxicological examinations are re- 
quested. Such examinations involve the analysis of 
vital organs for poisons. One of the most frequent de- 
terminations is the detection of alcohol in the brain in 
order to establish the fact that the deceased was drunk 
or sober at the time of his death. Not only do the 
various branches of state government have toxicological 
problems, but industry does as well, particularly those 
industries where there is a chemical hazard to health. 
One of the most important industrial cases with which 
our professor was connected was that involving the de- 
termination of silica in the lungs of men who had been 
exposed to silica dust sometime before their death. 

In addition to the various duties enumerated above, 
a professor of physiological chemistry has some more or 
less specific part of the general field in which he is par- 
ticularly interested. His personal research is conducted 
along with his other work. Frequently he associates 
one or more graduate students with him in pursuing 
his research in his chosen field. 

From this brief outline it may be seen that a pro- 
fessor of physiological chemistry in a state institution 
has many and varied duties. It should be pointed out 
that there are other positions in which the primary 
work is research with little or no teaching or admini- 
strative duties. These are likely to be supported 
by Research Foundations or by grants from these 
Foundations to Universities. 
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A PORTABLE SELF-CLOSING 
HYDROGEN SULFIDE DISPENSER’ 


H. N. CALDERWOOD { 


University of Wisconsin, Madison, Wisconsin 


N RESPONSE to frequent requests for informa- 
tion concerning the portable self-closing hydrogen 
sulfide dispensers in use at the University of Wis- 

consin, the author, who designed the portable feature 
in order to allow the dispensers to be used in an open- 
front baffle-plate hood of the “Cornell University” 
type, submits the following description. 

The use of these dispensers, and enforcement of a 
regulation that all reactions with hydrogen sulfide be 
carried out in closed vessels, has enabled a large mod- 
em laboratory filled to capacity (ninety-six students) 
to be kept free from the odor of hydrogen sulfide. 

The frame of the dispenser is of wood. The door is 


cloth. The gas cock and the hose nipple are one- 
quarter-inch brass. All other piping is black iron, 
the interior surfaces heavily coated during assembly 
with a mixture of graphite and lubricating oil. All 
other metal parts, except the steel springs, are black 
iron. After fabrication, two coats of an acid-proof 
asphaltum paint were applied to the entire apparatus 
except the springs, flow adjusters, and adjuster guides, 
which were coated with the graphite-oil mixture. 

The flow of gas can be set at any volume, including 
full flow, by controlling the travel of the lower extension 
on the handle of the gas cock, this travel being regu- 
lated by two movable collars on the inner end of the 
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A PorTABLE HYDROGEN SULFIDE DISPENSER 


covered with plywood and the back, bottom, end, and 
top panels with number four galvanized hardware 


*Presented before the Division of Chemical Education 
at the ninety-third meeting of the A. C. S., Chapel Hill, N. C., 
April 14, 1937. 


t Present address: 3105 Cross Street, Madison, Wisconsin. 


flow adjuster. Straight line movement of the adjuster, 
obtained by the adjuster guide, insures complete clos- 
ing of the cock as soon as the pressure is removed 
from the wooden knob on the outer end of the flow 
adjuster. The guide also serves as a stop for the lower 
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handle extension of the gas cock, thereby keeping the and the necessary pressure reducing valve, it may be 
spring attached to the upper handle in tension and the used as an independent portable unit. 

cock closed except when in use. The hose nipple Just before the beginning of the semester the gas 
passes through the lower cross bar of the frame and cocks are taken apart, cleaned, inspected, and lubri. 
projects not more than three-eighths of an inch below cated with the graphite-oil mixture, and the gas flow is 


its under surface, to prevent submerging the outlets adjusted. rhis, with a second inspection about the 
of the nipples in solutions being tested middle of the semester, has constituted all the atten. 


* . tion required by three of these dispensers used for over 
With a central supply of gaseous hydrogen sulfide  gioht years by classes averaging three hundred students 

available, each dispenser is connected directly to an each, an excellent record of durability due to the faith. 

offtake from the supply main through a stopcock and fy] work of Mr. Ernst Dangl* in fabricating and in- 

union, so that a dispenser, which weighs about twenty specting the dispensers. 

pounds, may be easily disconnected and set away when Definite data are not available concerning the cost 

not needed. of a dispenser, the work having been done at odd 


Since there is ample space within a dispenser for in- _™moments. 
stalling a small cylinder of liquid hydrogen sulfide * Deceased. 





A NEW WAY 70 DEMONSTRATE 
“WETTER” WATER 


E. A. HAUSER anv H. H. REYNOLDS* 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


HEN thinking of a duck, everyone subcon- onesin the water. Such a polar orientation in the inter- 
sciously pictures this bird floating on a smooth face enables the water to wet the duck’s feathers. The 
surface of water. The expression ‘‘floatslikea weight of the duck being thus increased, its over-all 
duck”’ has become a layman’s definition for bodies of buoyancy decreases and the bird will no longer be able 
different composition which for different physical rea- to float as before, but will sink somewhat. 
sons remain on the surface of a liquid, although we Although the experiment is a very striking one, it has 
know of other birds, as for example, the swan or the very definite drawbacks. It is not always easy to pro- 
seagull, which are equally capable of floating. 
Therefore it must be considered as one of the most in- 
genious advertising ideas ever used, when one of our 
large manufacturers of wetting agents demonstrated the 
extreme efficiency of his products by proving the ina- 
bility of a duck to stay afloat in water which has been = aypiFNCE 
made ‘‘wetter’’ by the addition of a chemical compound. 
The first announcement! created considerable sensa- 
tion and even in laboratories not connected with the 
originators, requests for a few ounces of ‘‘wet’” water 
came pouring in. At the meeting of the A. C. S. in 
Milwaukee in September, 1938, a colored moving pic- 
ture featured the plight of a duck placed in a tub filled FIGURE 1.—DIAGRAMMATICAL CRoss SECTION 
with ‘‘wet’’ water? and quite recently a similar picture T, Tank 
was even shown in a weekly newsreel. W, Water 
It isa known fact that the duck’s feathers are coated B Dastadiog erith perforated metal or wire sieve bottoms 
with a thin film of oil, thus preventing the water from _G, Glass tube 
wetting them, and increasing their weight. The polar WA-SOL, Wetting agent solution 
;. ~ 5 RB, Rubber bulb 
molecules of the wetting agent adsorb with their hydro- 4 Aéroplane 
phobic group in the oil film, retaining their hydrophilic | WA, Wetting agent in powdered form 
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* Department of Chemical Engineering. ‘ 
1 , e * 
Howe, H. E., Barron's, 18, No. 3, 3 (1938). cure a duck; to make an effective demonstration @ 


? CaryL, C. R. anv W. P. Ericxs, Ind. Eng. Chem., 31, 44 f ; , : 
(1939). fairly large glass tank is necessary; if the duck’s legs are 
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not tied together, the experiment is a rather ‘‘splashy”’ 
gflair; but if tied, it is an unfair test and the sensitive 
members of the audience frequently object to it; also 
the experiment is not fully convincing, because the duck 
does not sink completely. 

In the following, we shall give a brief discussion of an 
experiment which we have found to be a very striking 














FiGuRE 2,--MopkeL OF A BATTLESHIP AS USED 
FOR THE EXPERIMENT. THE SUPER STRUCTURE, 
MApE or ALUMINUM Foi., Has BEEN Cur Away 
ON THE SIDE TO SHOW THE BOTTOM AND SIDE WALLS 
Mabe Out oF Metat Gauze 


demonstration of ‘‘wetter’’ water, cheap, and easily 
carried out, besides permitting the experimenter to use 
his personal imagination freely.’ 

A tank of appropriate size is filled with water. If 
desired, rocks, sand, waterplants, and a few small fish 
are placed therein to give the spectator a cross-sectional 
idea of the ocean. (See Figure 1.) On the side of the 
tank facing the experimenter a narrow glass tube is bent 
over the wall of the container, and one of its openings 
is allowed to dip just under the surface of the water, 
while the other one is connected with a wash bottle con- 
taining the wetting agent in solution. The wash bottle 
isalso connected with a rubber bulb, which, if pressed, 


_ ' The experiment was first demonstrated in public at the meet- 
ing of the Northeastern Section of the A. C. S. in Cambridge, 
Mass., on February 10, 1939. 
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will force the wetting agent to flow through the tube 
into the tank just below the water surface. If the ex- 
perimenter has a special fancy for aviation, a simple 
aéroplane model can be pulled over the tank by means 
of a wire stretched across the lecture table. In this 
case, the dry wetting agent can be spread on the sur 
face of the water in the tank by perforations in the 
bottom of the plane’s cabin, so that it acts like a salt 
shaker when pulled along the wire. In both cases the 
surface tension of the water in the tank can be de 
creased rapidly. The degree of reduction naturally de 
pends on the efficiency of the chemical used. 

After having set up the equipment as described, a 
fleet of small battleships is placed on the surface of the 
water. ‘These ships can be easily constructed out of 
tin, aluminum or copper foil, care only having to be 
exercised to leave any seams or folds open. 

Small holes are then made in the bottom. One can 
also shape the bottom of the ship out of fine wire gauze 
and then make the super-structure out of tin or alumi- 
num foil (Figure 2), 

There are a few special precautions which should be 
observed. First, care must be taken not to touch the 
bottom of the ships as the perspiration from the fingers 
will make the gauze more easily wetted; secondly, the 
ships must be placed in the water very carefully so that 
the water does not cover the gauze at any point; and, 
thirdly, the water in the tank must initially contain no 
soap or other wetting agent. 

The high surface tension of the water and the hydro- 
phobic properties of the perforated metal or gauze will 
prevent the water from penetrating the ship’s body. 
The ships will float, therefore, as they would, had they 
been built normally. 

If we now inject the solution of the wetting agent 
under the water surface, or sprinkle the dry, readily 
soluble wetting agent onto the surface, the surface ten- 
sion will immediately be reduced and the molecules of 
the wetting agent will adsorb in oriented fashion at the 
metal-water interface. This results in a rapid wetting 
of the perforated metal or gauze; the water now readily 
penetrates the ship’s body. The little models begin to 
wobble and sink in a most realistic fashion to the bot- 
tom of the ocean. 





An IMPROVED PERIODIC TABLE 


W. F. LUDER 


Northeastern University, Boston, Massachusetts 


struggled with the inconsistencies of the periodic 
table. 
tempt to confine it to eight columns, one of which con- 


Ba half a century instructors and students have 


These inconsistencies arise from the at- 


tains fifteen rare earths crammed into one element- 
space. Many monstrosities have been proposed in the 
effort to overcome these difficulties, but none has suc- 
ceeded. Now at last a new periodic arrangement of the 
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elements has appeared which eliminates the disadvan- 
tages of the old chart without introducing any new dif- 
ficulties of interpretation. 

The new arrangement suggested by R. L. Ebel! not 
only fits the elements into their proper places in a wholly 
consistent manner, but the basis on which it is done is 
more fundamental than the old one. The accompany- 
ing periodic table is an elaboration of Ebel’s arrange- 
ment involving a change from vertical to horizontal 
periods and the addition of the electron configurations 
for the last three shells of each atom. 
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is given by taking as the ordinate on the chart the shel 
in which the differentiating electron lies and by taking 
as the abscissa its number in that shell. For example 
Ga comes next to Ca because the differentiating ele. 
tron for Ga is the third in the N-shell. The differen. 
tiating electron for Ca is the second in the N-shell, yet 
the atomic numbers of the two are 31 and 20. The 
reason for the gap is that there are eight electrons jp 
the M-shell of the calcium atom and eighteen in the 4. 
shell of the gallium atom. (The word shell is used be. 
cause it is non-committal about the nature of energy 
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Ebel’s proposal is to use our knowledge of the struc- 
ture of the atoms to determine their position in the 
table—rather than their atomic numbers. An exami- 
nation of the accompanying chart reveals at once that 
there are several breaks in the order of increasing atomic 
numbers. These correspond to breaks in the electron 
configuration of the atoms. The electron configuration 
of the atom determines its position in the table. More 
specifically, the location of the ‘‘differentiating elec- 
tron”’ fixes the position of the element. That position 


1 Exper, R. L., ‘Atomic structure and the periodic table,” 
J. Crem. Epuc., 15, 575 (1938). 


levels.) When all the atoms are thus arranged accord- 
ing to the position of their differentiating electrons, 
they fall into three separate groups. The division de- 
pends upon whether the differentiating electrons occur 
in the outermost shell, the second from the outermost, 
or the third from the outermost. These three groups 
Ebel calls the ‘representative elements,” “the related 
metals,” and the rare earths. It is this grouping which 
makes his chart so clear and simple and emphasizes 
distinctly the correlation of the periodic table with 
atomic structure which he has so ingeniously achieved. 
A few minutes spent in studying the chart thoroughly 
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the shell will suggest all sorts of interesting possibilities in teach- 
y taking ing the relationship of the properties of the elements to 
Xample, their atomic structure. 
ng elec. The only inconsistency present in the new arrange- 
lifferen. ment is a minor one, which will cause neither the student 
nel, yet nor the instructor any difficulty if the instructor is care- 
D. The ful to point it out properly. In fact, it may be used as 
‘rons in an illustration of principles already learned. In a few 
the M- instances the positions of the elements on the table are 
are not uniquely fixed by the locations of the differentiating 
bei electrons. For example, it appears that for Cu there 
are two differentiating electrons. One is in the M- 
shell and the other isin the N-shell. A similar situation 
il exists for Ag and Au. ‘The characteristic number of 
hid electrons in the outermost shell for the ‘‘related metals” 
aft) istwo, but Cu, Ag, and Au have only one. By referring 
1% to the preceding elements this behavior seems entirely 





logical from the standpoint of knowledge already ac- 
quired by the student. Cu has 2.8.18.1 electrons. 
Ni has 2.8.16.2. The student may imagine Cu with 
2.8.17.2 electrons, keeping in mind its valence of two. 
He will be reminded of the tendency, exhibited by the 
halogens, of nearly completed shells to fill up with elec- 
trons from other atoms. He can then see that he might 
have expected that one of the two electrons in the out- 
ermost shell of his imaginary 2.8.17.2 copper atom 
would drop down into the next shell. 

All the other much more serious difficulties have been 
eliminated in the new chart. The “related metals” 
have been cleared out of the representative elements, 
yet the arrangement of the representative elements has 
been left intact. The position of the rare earths not 
only fits consistently into the whole scheme, but helps 
to complete the explanation of the other electron con- 
figurations. The so-called transition elements which 
are usually lumped together in “Group VIII’ have 
their proper place. The location of the non-metals 
may be pointed out, and the instructor need not worry 
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about students asking why Mn is not a non-metal. 
At first glance one might wonder how the valences of 
the “related metals’ are to be explained, but second 
thought will remind one that the old table does not 
explain them at all. The new table reveals the fact 
that they require explanation. Furthermore, it pro- 
vides the necessary clue for the explanation. One has 
only to refer back to the preceding inert gases, keeping 
in mind that there are (generally speaking) two elec- 
trons in the outermost shell of each of the related met- 
als. The significance of the numbers 2, 8, 18, 32 as 
critical points in electron configuration stability is also 
given its proper emphasis by the very shape of the new 
periodic table. 

After the usual introduction, discussion of the 
achievements, and pointing out the inconsistencies of 
the old periodic table based on atomic numbers, the new 
one based on electron configurations can now be intro- 
duced to college freshmen or to physical chemistry stu- 
dents with a feeling of great satisfaction to both in- 
structor and students. Newlands’ Law of Octaves, 
Mendeléeff’s Periodic Table and his remarkable pre- 
dictions, the fitting in of the inert gases, the X-ray ex- 
periments of Moseley, usually arouse the student’s 
keen interest in the correlation of the properties of the 
elements with their atomic structure. His interest in 
what promised to be one of the grandest laws of nature 
is only to be disappointed when he looks beyond the 
twentieth element. It is obvious to him that using 
eighteen columns instead of eight eliminates one diffi- 
culty only by introducing another which is perhaps 
even greater. Moreover, the eighteen-column table 
still ignores the problem of the rare earths. But when 
the new chart is presented to the student, after such an 
introduction, he can see that, when the periodic table is 
built up on the fundamental chemical basis of electron 
configuration, it really is one of the greatest triumphs 
of all science. 
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sold as “‘transparent clear bottle caps,’’ costing about 
one cent each in lots of one hundred. 

The extent to which these caps furnish protection to 
the stopper is shown in Table 1. Protected stoppers 
were applied to reflux condensers and subjected to the 
boiling vapors for the periods stated in the table, a new 
protected stopper being used for each solvent. 

On cork stoppers the protectors failed when exposed 
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to the following substances at their boiling tempera- 
tures: acetic anhydride, acetyl chloride, benzaldehyde, 
benzyl alcohol, benzoyl chloride, and furfural. Rubber 
stoppers were protected against vapors of acetone, 
methyl, ethyl, isopropyl, normal-, iso-, and tertiary- 
butyl, and amyl (B.P. 127.6°C.) alcohols, but swelled on 
exposure to vapors of benzene, carbon tetrachloride, n- 
propyl alcohol, diethyl ether, ethyl acetate, and pyri- 
dine. This swelling frequently caused the protector to 
crack and expose the stopper. 


Substance 
Acid, acetic, glacial 


Acid, n-butyric, 81 per cent. 


Acid, propionic, 84 per cent. 


Alcohol, methyl 


Alcohol, ethyl 
Alcohol, n-propyl 


Alcohol, isopropy]! 
Alcohol, n-butyl 
Alcohol, isobutyl 


Alcohol, tertiary butyl 


Alcohol, amyl, B.P. 127.6°C. 


N-Heptane 
Benzene 
Toluene 

Carbon disulfide 
Chloroform 
Diethyl] ether 
Ethyl acetate 


Nitrobenzene, m.P. 5.4°C. 
Phenol 


Pyridine 


Water 


TABLE 1 


EFFEcT OF EXPOSING PROTECTED CORK STOPPERS TO BOILING ORGANIC 
Liguips* 


Time, 


hours 
3 


3 


3 


42 


42 
42 
42 


42 


Condition afier Exposure 


Protector 


Intact, but 
soft, sticky 
Very thin, 
brittle 
Thin, but in- 
tact 
Satisfactory 


Satisfactory 
Satisfactory 


Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 


Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory 


Satisfactory 
Satisfactory 


Satisfactory, 
stained 

Satisfactory, 
stained 


Stopper 
Shrunk 


Shrunk 
Shrunk 


Satisfactory, but 
stained 
Shrunk 
Satisfactory, but 
stained 
Satisfactory, but 
stained 
Satisfactory, but 
stained 
Satisfactory, but 
stained 
Satisfactory, but 
stained 
Satisfactory, but 
stained 
Satisfactory 
Satisfactory 
Satisfactory 
Satisfactory ft 
Satisfactory 
Satisfactory 
Satisfactory, but 
stained 
Satisfactory 
Satisfactory, but 
stained 
Satisfactory, but 
stained 
Satisfactory, 
swelled 


* See Table 2 for additional data. 
t Resin extracted from cork was deposited between cork and protector. 


Since a protector must serve a twofold purpose, first, 
prevent leaching of the stopper, thereby contaminating 
the solvent, second, reduce loss of solvent by vaporiza- 
tion through the pores of the cork stopper, tests were 
made to determine the amount of extract removed from 
a protected stopper by various solvents. A Knoeffler- 
type extraction apparatus was made with a ground 
glass joint between the boiling flask and the extractor, 
the ground joint before use being freed from lubricant 
by a thorough cleansing. The reflux condenser was 
fitted with a protected stopper, using a 53 mm. X 60 
mm. protector freed from excess shipping liquid by sub- 
mergence in a beaker of distilled water immediately be- 
fore application. A ring of Wood’s metal was then 
cast above the ground surfaces of the joint to prevent 
loss of vapor. Vaporization losses were greatly re- 
duced by using a condenser of high efficiency supplied 
with very cold water. Even diethyl ether and carbon 
disulfide gave losses of not more than five per cent. after 
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forty-eight hours of continuous boiling in a room with 
a minimum temperature of 31°C. Each protectorjwas 
used for only a single solvent. All solvents were puri. 
fied and immediately before use were distilled from an 
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all-glass still directly into the boiling flask of the ex- 
traction apparatus. For each solvent the weight of ex- 
tract given in Table 2 is the average of two determina- 


TABLE 2 


AMOUNTS OF ExTRACT REMOVED FROM PROTECTED CORK STOPPERS BY 
Various SOLVENTS, AND THE CONDITIONS OF THE STOPPER AND PROTECTOR 
AFTER UsE* 


Time, Extract, 


Solvent hours 


Acetone 8 
Acetone . 48 
Benzene 48 
Carbon disulfide 8 
Carbon tetrachloride 8 
Carbon tetrachloride 48 
Chloroform 101 
Diethyl ether 8 
Diethyl ether 48 
Ethanol, 95 per cent. 24 
Ethanol, 95 per cent. 72 
Light petroleum, boiling range 

35-75°C. 48 
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* With all of these solvents both the protectors and stoppers were in @ 
satisfactory condition at the end of the experiment. 


tions, which did not differ by more than five one-hun- 
dredths of a gram. 
Since regenerated viscose cellulose contains sulfur,’ 


1 ScHERER, P. C., “Sulfur forms in crude viscose rayon yarns,” 
Ind. Eng. Chem., 25, 1319 (1933). 





Auct 


it was 


pieces, 
weight 


deter 
analy’ 
The 
work 
Comp 
ing tl 
were 
Point 


AcETON 
$s 


Per 


Extract 
Sulfur i 
Insolub’ 

prote 
Soluble 
Insolub 
Total si 


use fe 
from 
prote 
condi 
when 


Avcust, 1939 


it was determined in the protectors before and after 
extraction, and in the extract. Fifty of the rinsed 53 
mm. X 60 mm. protectors were cut while wet into small 
pieces, dried at 70°C. for forty-eight hours, cooled and 
weighed, giving an average weight per protector of 1.22 

s. Samples of the cuttings were extracted for one 
hundred sixty-eight hours in an all-glass Knoeffler ex- 
tractor with grease-free joints. The solvent was 
evaporated, both cuttings and extract were oxidized 
with perchloric-nitric acid mixtures, and the sulfur was 
determined as sulfate. The same method was used to 
determine sulfur in the unextracted cuttings. These 
analyses are compiled in Table 3. 

The durability of the protectors is illustrated by the 
work of Dr. Wm. F. Krause, Globe Oil and Refining 
Company, Lemont, Illinois. Two cork stoppers carry- 
ing thermometers for End-Point Distillation Flasks? 
were fitted with protectors and used for two ‘“‘End- 
Point Distillations” per day. One stopper was in daily 


TABLE 3 


AceTONE, ALCOHOL, AND ETHER EXTRACTION OF PROTECTORS AND THE 
SULFUR CONTENT OF THE EXTRACT AND OF THE PROTECTORS 
Unused 
Ether protectors 
21.20 _— 
0.001 _ 


Alcohol 


21.41 
0.041 


Acetone 


21.77 
0.103 


Percentage of substance 


Extract 

Sulfur in extract 

Insoluble sulfur in extracted 
protector 

Soluble sulfur in dry protector 

Insoluble sulfur in dry protector 

Total sulfur in dry protector 


0.077 —_ 
0.0002 _ 
0.080 — 
0.080 


0.056 
0.009 
0.071 
0.080 


0.045 
0.022 
0.058 
0.080 


0.080 
use for about three weeks, when the protector cracked 
from the thermometer to the edge of the stopper. The 
protector on the second stopper was still in excellent 
condition after daily use for one and one-half months, 
when the stopper was discarded because shrinkage had 
made it useless. While in use, the portion of the stop- 
per within the protector gradually shrunk, and during 
the last portion of this period the surface of the stopper 
bearing against the neck of the flask was less than four 
millimeters in depth. Despite this small sealing area 
there was no increase in the distillation loss. The pro- 
tected stoppers gave distillation losses of one and nine- 
tenths per cent., respectively, and unprotected stoppers 
averaged six per cent. loss. Either one-half or one- 
liter quantities of both untreated and acid-treated 
pressure distillates having a boiling range of minimum 
29.4°C. (85°F.), maximum 220°C. (428°F.) were used 
for all distillations. Durability tests of the protectors 
at room temperature, 31°C., are reported in Table 4. 

A test was made to determine the suitability of using 
a protected cork stopper to join the boiling flask and re- 
ceiver of a simple vacuum distillation assembly. The 
boiling flask was closed with a rubber stopper carrying 
a stopcock. With a U-type mercury manometer the 
boiling flask and stopcock gave a minimum pressure of 
two millimeters. The receiver was now attached, and 
after pumping for fifteen minutes with a Hyvac pump 
the manometer registered a pressure of two millimeters. 
For use on evacuated apparatus each protector must be 


: Kansas City Testing Laboratory, Bulletin 22 (June 1, 1927). 
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thoroughly dry, the best results being obtained by 
letting the protector dry in place on the stopper for 
several days before assembling the apparatus. 


METHOD OF APPLYING PROTECTORS 


Bore the stopper from the large end, leave the borer 
in position, expel the core, and moisten the outer surface 
of the stopper. Select a protector whose open end has 
a diameter five to ten millimeters greater than the large 
end of the stopper and with an over-all length of fifteen 


TABLE 4 


RESULTS OF THE EXPOSURE OF PROTECTED CorRK STOPPERS TO VARIOUS 
ORGANIC SUBSTANCES AT 31°C, 


Time of Exposure 


Name of substance 1 month 2months 1 year 5 years 


Acid, acetic, glacial 

Acid, lactic, fermentation, sp. gr. 1.20 
Acid, trichloracetic 

Alcohol, amyl, s.P. 127.6°C. 
Alcohol, benzyl 

Alcohol, ethyl, U. S. P. IX 
Diethyl ether, U. S. P. IX 
Furfural, technical 
Glycerin, U. S. P. IX 
Nitrobenzene, m.P. 5.4°C. 
Pyridine, medicinal 
Triethanolamine, technical 
Turpentine, technical 


ONNHHHHOHHYOGH 
ADROHHOVHNHHNYAaGHG 
ONNUNUNAIHHYHaGHG 
BANHYHTHHHHGHG 


S, satisfactory; U, unsatisfactory; F, failed. 
to twenty millimeters more than the stopper, slip it 
loosely over the stopper, and center it. Holding the 
protector in place, firmly press the sharp borer against 
it, using a block of soft wood or cork. A weak spot is 
formed if the borer makes more than one contact with 
the protector, and it will split while drying. Remove 
the perforated protector, submerge it in distilled water, 
and adjust stopper on the apparatus. The stopper in 
position and any tubing along which the protector 
must slide are moistened with water, and the protector 
installed with its larger opening flush with the large end 
of the stopper. The accompanying figure illustrates 
a protected stopper after drying, usually overnight, and 
ready for use. 

Protection of cork stoppers by enclosure in a mem- 
brane of regenerated cellulose greatly increases the use- 
fulness of the stoppers. Stoppers thus enclosed are 
highly impervious to vapors and show negligible vapor 
losses. The membranes are resistant to many organic 
compounds, including the volatile acids, and can be ex- 
posed to the vapors of the latter even at their boiling 
points for a considerable length of time. The usual 
organic solvents extract only slight amounts of material 
from a protected stopper. This extraction occurs very 
slowly, exposure for forty-eight hours to boiling diethyl 
ether removing only one-half of the total soluble mate- 
rial in a protector. The other common solvents, espe- 
cially the hydrocarbons, are even less effective. The 
sulfur content of the protectors is very low, and the 
soluble sulfur never exceeds three-tenths of a milligram 
for a single protector of the largest size,53 mm. X 60 
mm., which fits a number twenty-four cork stopper. 
The protectors are not recommended for use on rubber 
stoppers. 
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KEEPING UP WITH CHEMISTRY 


Unique metal. Anon. Ind. Bull. of Arthur D. Little, Inc., 
143, 3-4 (Jan., 1939).—The unique metal is tantalum which is 
being brought to our attention by a recent announcement of the 
Fansteel Metallurgical Corporation of a hydrochloric acid gas 
absorption equipment in which all parts that come in contact 
with the acid are of pure tantalum, the metal being totally 
inert to the ordinary acids. Alkalis attack the metal if they are 
hot and concentrated. It has a strong affinity for oxygen at high 
temperatures. Tantalum is used for the spinnerets in the rayon 
industry because it is cheaper than the precious metals from which 
the spinnerets are often made. Tantalum occurs in the 
mineral tantalite and columbite. Until 1937 the only pro- 
ducing tantalum mine in the world was one in the desolate 
Pilbarra District of Western Australia where water does not 
exist and where mining is carried out only after the rainy 
season. In that same year a second mine was opened near Tinton 
in the Black Hills of South Dakota. Tantalum is not a metal that 
can be smelted from its ore. The chemically pure salts or con- 
centrates are reduced to powdered metal. Tantalum electrodes 
are used in the “Balkite’’ rectifiers. 2 

Anacid note. ANon. Ind. Bull. of Arthur D. Little, Inc., 143, 
4 (Jan., 1938).—This is a notation on the possibilities of citric 
acid due to the new process of extraction which has cut down the 
importation of citric acid and calcium citrate into the United 
States from seven million pounds to forty pounds a year in 
1936. The first successful production was achieved by Charles 
Pfizer & Company of New York. The organic chemist believes 
that here is another material for the industrial world because of its 
unique molecular arrangement. 

Some uses of the micro-projector in physics and chemistry. 
T. Sarcent. Educ. Screen, 17, 259-60 (Oct., 1938).—The 
microprojector, when used in the form of an optical bench 
assembly, may be adapted to many phases of physics and chemis- 
try teaching. Such an assembly with its modifications and 
adaptation to a horizontal stage microscope is described. Among 
the materials which have been successfully so used and of especial 
interest to teachers of chemistry are: surface tension phenomena 
with films on aqueous and other solutions, brownian movement 
with high power oil immersion projection, migration of charge 
particles in solutions, projection of crystal growth in solutions 
and the growth of crystals in dark field projection and with 
polarized light. For each such listing of the material is given a 
brief description of its preparation and utilization. B.C. H. 

New knowledge in the field of metallo-organic compounds. 
F. Hern. Angew. Chem., 51, 503-8 (1938).—A survey covering 
salt character of alkali metal alkyls (molar conductivity of alkali 
metal ethyls in zinc ethyl), metal alkyls as solvents and reaction 
medii, organic compounds of transition metals, relationships 
between the formation of organo-metals and the complex con- 
stitution of certain salts and phenyl molybdenum compounds. 
Tables give data for the conductivity of different alkyl nitrogen 
halides in zinc ethyl, the composition of zinc ethyl solvates, and 
organic chromium compounds and the molar conductivity of 
metallic hydroxides in infinite dilution. . Ss. 

The action of ferrous hydroxide on metallic hydroxides in 
ammoniacal solution. R. V. Ropt. Angew. Chem., 51, 526-8 
(1938).—If during the reaction between ferrous hydroxide and 
heavy metal salt solutions in excess ammonia precipitates are 
formed these solids may assume different shades of color de- 
pending upon the concentrations of the reacting materials used. 
Laboratory studies substantiate the occurrence of reactions in 
accordance with the following equations. 

Ferrous oxide and silver oxide: 

Excess of silver. AgeO + 2 FeO = 2 Ag + Fe.O; (yellow) 
Excess of iron. Ag,O + 3 FeO = 2 Ag + Fe;O, (black) 

Ferrous oxide and cuprous oxide: 

Excess of cuprous oxide. Cu,O + 2 FeO = 2 Cu +Fe,0; 
(light brown) 
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Excess of ferrous oxide. Cu,O + 3 FeO = 2 Cu + Fe;0, (black) 

Ferrous oxide and lead oxide: 

Excess of lead oxide. 2 PbO + 4 FeO = 2 Pb + 2 Fe,0, 
(yellowish gray) 

Excess of iron oxide. 2 PbO + 6 FeO = 2 Pb + 2 Fe,O, (gray. 
ish black) Los 

Use of low-grade bauxite. ANon. Sci. News Letter, 34, 317 
(1938).—Ferruginous bauxite, very abundantly distributed in 
nature, contains so much iron oxide that it is not commercially 
used at present. Prof. Colin G. Fink and Mr. V. S. de Marchi of 
Columbia University have found that by treating these ores 
with an excess sulfur at a high temperature the iron oxide js 
turned into iron sulfide. The resulting mixture containing the 
aluminum oxide and sulfides of the impurities is then treated 
with an excess of chlorine. ‘If this chlorination is carried out 
at 920°C. ninety-four per cent. of the iron oxide, sixty-six per 
cent. of the titanium oxide are removed and the alumina losses 
are only seven per cent.” It is not yet known whether the cost 
of such treatment will permit its use in peacetime production of 
aluminum or not. 

New process red lead. A. Brookes. Chem. Industries, 43, 
47-8 (1938).—Red lead powder, as manufactured by the ordinary 
methods, possesses two marked disadvantages: (1) compara- 
tively large particle size, resulting in low covering power, rapid 
settling rate and general difficulty in application; and (2) low 
chemical purity as regards Pb;O, content, the pigment containing 
a high proportion of the monoxide litharge. This results in 
fairly rapid setting of the paint, due to the reaction between PbO 
and linseed oil, which results in a gel formation so that such 
paints must be used within a few days of mixing. 

Developments in red lead manufacture with the above in view 
have resulted in a certain amount of success and led to the pro- 
duction of ‘‘non-setting’’ red leads which have resulted in mixed 
pastes and paints becoming a practical proposition. 

Various methods have been proposed or used such as: (1) 
mechanical agitation of the molten lead during oxidization; (2) 
use of air and steam jets playing on or through the molten lead or 
directed against a thin molten lead stream; (3) use of heating; 
(4) by vaporization of lead in a high temperature furnace whence 
the volatilized metal is oxidized under controlled conditions; 
(5) by electrolytic processes or, (6) by treatment of fine grade 
lead carbonate. A. Time 

Use of a diamond in research. R.Patrer. Sci. News Letter, 
34, 325-6 (1938).—A flawless four-thousand-dollar diamond has 
had one of its largest surfaces ground smooth to about one five- 
hundred-thousandth of an inch for use in “probing the funda- 
mental constants of the physical world” at the Johns Hopkins 
University. Professor J. A. Bearden is using this gem and X- 
ray beams as a means of redetermining the E.M. constant. Just 
as many independent determinations of Avogadro’s number, N, 
has added to the confidence of scientists in its certainty s0 
divergent approaches to the value of the above-mentioned con- 
stant gives greater certainty of its correctness. ae OMS |: 

The chemistry of bee poison. R. Scuwas. Chem.-Ztg., 62, 
655-7 (1938).—The poison is extracted from bees on a commercial 
scale and used clinically for immunization against this poison as 
well as a remedy for rheumatism and various other conditions. 
Various chemical analyses of bee poison are described (in one of 
these analyses the poison was collected from 25,000 bees). The 
poison has a specific gravity of 1.1313, solid content of thirty per 
cent., is insoluble in concentrated alcohol, soluble in water, is not 
influenced in its pharmacological action on heating two hours to 
100°C. The composition is C 43.6 per cent., H 7.1 per cent., N 
13.6 per cent., S 2.6 per cent., and Mg 0.4 per cent. (as mag- 
nesium ammonium phosphate), also a trace of copper. Various 
organic compounds which are present in this poison are met- 
tioned. ; Lie 
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CupmisTRY AND You. B. S. Hopkins, University of Illinois, 
R. E. Davis, Lane Technical High School, Chicago, Illinois, 
H.R. Smith, Lake View High School, Chicago, Illinois, M. V. 
McGill, Lorain High School, Lorain, Ohio, and G. M. Brad- 
bury, Montclair High School, Montclair, New Jersey. Lyons 
and Carnahan, Chicago, Illinois, 1939. xii + 802 pp. 264 
figs. and 17 full-page marginless illustrations, one colored. 
13.5 X 21cm. $1.80. 

This secondary-school textbook is definitely in unit form. 
The authors consider the first nine of the sixteen units essential 
core material. All of the principles are contained in them and 
illustrative material essential to completing any of the following 
units, 

A typical unit contains a full-page survey, a group of ‘‘prob- 
lems,” a summary in question form, and a digest of the material 
covered. Each problem contains generally a few pages of text 
written in a personal conversational style; references to read- 
ings for ‘pleasure and profit”; a few dramatized incidents which 
raise chemical questions; ‘‘putting chemistry to work,’’ a title 
for A and B groups of questions which put chemistry pupils to 
work; occasionally a group of numerical problems; “research and 
activities,” a number of suggestions for charts, visits, reports, 
investigations, experiments, and the like. 

The book is modern in its approach, rigorous in its application 

of the scientific method of thinking, and abounding in reference 
to the social implications of the topics covered. With almost 
encyclopedic thoroughness it covers many fields, from allergy 
to zymase, but it is not a book written for a class of “the under- 
endowed.”” CHEMISTRY AND You is a book with sufficient ma- 
terial difficult enough to challenge the ability of serious-minded 
college preparatory pupils, or any real seeker after the principles 
of elementary chemistry. 
Electrolytic solutions are studied from the standpoint of Ar- 
thenius, but skilfully so, the authors preparing for later develop- 
ment. The preferred method of representing hydrates [e. g., 
CuSO,-(H.O);] is used consistently. Polar and covalence are 
well explained. Simplified flow-diagrams aid explanation of 
industrial processes. Many tabulations in the text are real 
study-aids to the pupil, and the notable collection of twenty-one 
appendices forms a condensed handbook. Cross references 
abound. Physiological and organic chemistry are carried beyond 
the range of most elementary chemistry textbooks. 

Many points are duplicated, probably for emphasis. The 

inconsistencies and errors are surprisingly few for such a long 

book. The reader would wish for greater sharpness of the half- 





inda- 
pkins 
d X- 
Just 
an 


con- 


’ 62, 
rial 
n as 
ons. 
e of 
The 


not 
5 to 
,N 
ag- 
ous 








tone illustrations, however. The agricultural scenés are un- 

convincing, for example. No review would be complete unless 

favorable mention was made of the seventeen full-page marginless 

unpaged illustrations in which better detail is shown. 

Five able interpreters converge on the second person singular. 
ELBERT C. WEAVER 


BULKELEY H1GH SCHOOL 
Hartrorp, CONNECTICUT 


THEORETICAL QUALITATIVE ANALysis. J. H. Reedy, Associate 
Professor of Analytical Chemistry, University of Illinois. 
McGraw-Hill Book Company, Inc., New York City, 1938. 
ix +451 pp. 13.5 X 20.5cm. $3.00. 


In this book the author aims to supply the beginner with the 
theoretical and factual background essential to intelligent work 
in analytical chemistry. In the theoretical section, which con- 
stitutes slightly more than one-third of the book, the usual topics 
are dealt with: the nature of solutions, the colloidal state, 
equilibrium and the mass law, ionization, applications of the 
ionic theory (including the precipitation and solution of sulfides), 
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amphoteric hydroxides and sulfides, complex ions, hydrolysis, 
reactions and equations (including oxidation and reduction). 
The descriptive portion is subdivided according to the conven- 
tional groupings of cations and anions, with additional chapters 
on dry reactions and on systematic analysis. 

These subjects are discussed in a lively and unstilted manner, 
with occasional flashes of humor, and the author shows con- 
siderable insight into the difficulties experienced by the average 
student. The approach to most of the topics enumerated is 
along strictly traditional paths. With regard to the apparently 
still troublesome question of partial vs. complete ionization of 
strong electrolytes, the author states in his preface, ‘‘An attempt 
has been made to present both sides in an unbiased way, so that 
the student will not carry over into later courses an undue 
prejudice in favor of either theory.”’ It seems to the reviewer, 
however, that the treatment of the newer concept is something 
less than adequate. The essential features of the theory of 
complete ionization are stated, it is true, together with some 
of the arguments in its favor. The author then refers to the 
activity ‘‘theory,”’ and cites data on the activity coefficient, y, 
of potassium chloride, as calculated by different observers using 
different methods, to show that “the agreement is no better 
than in the values for a on the basis of incomplete ionization.’’ 
As a matter of fact, so far as the figures cited are concerned, the 
agreement among the vy values is not nearly so good as between 
the two values of a obtained, respectively, from conductance and 
from freezing-point data. But the author neglects to emphasize 
the fact that the divergence of these y values must, in the nature 
of the case, arise from experimental errors alone, while the un- 
certainty as to the “‘true”’ value of a@ has its origin in a fundamen- 
tal difficulty with regard to the definition of the degree of dis- 
sociation of a strong electrolyte. In subsequent applications 
and problems, the older concept is retained, for the most part. 

Several of the topics are dealt with more intensively than is 
usual in textbooks of qua'itative analysis. The chapter on the 
colloidal state and mechanics of precipitation, for example, 
includes an unusually thorough discussion of the technic of 
handling precipitates which tend to become colloidal. A fresh 
viewpoint is brought to bear upon the discussion of reactions and 
equations; more stress is placed upon the identification of prod- 
ucts than upon the mere balancing of equations, and a classifica- 
tion of the more important types of reaction is a useful feature of 
this chapter. 

The descriptive portion of the book contains a large amount of 
detailed information, with special emphasis upon those reactions 
which are most useful for the identification of the ions. This 
section includes, as an unusual feature, the critical discussion of 
various methods of analysis, where such alternative methods are 
in use. Thus, for example, four distinct methods of analysis of 
the aluminum-zine group are described. The book is evidently 
not intended to serve as a laboratory manual, however, and does 
not include specific directions either for preliminary experiments 
or for analytical procedure. 

Numerous exercises are given at the end of each chapter. 
While those included in the theoretical section are mainly of the 
conventional type, those which follow the descriptive chapters 
are exceptionally varied and interesting, and call for careful 
thinking by the student. 

The reader who seeks an exposition of modern developments 
will be disappointed at the absence of any discussion of atomic 
structure, of the electronic nature of valence, of the Werner 
coérdination theory, or of the Brgnsted concept of acidity. The 
omission of the first of these topics is perhaps responsible for a 
rather surprising treatment of the difference between free 
elements and ions (page 56), from which the student could hardly 
avoid reaching the conclusion that the hydration of an ion is 
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more significant in distinguishing it from the corresponding 
atom than is its excess or deficiency of electrons. There are 
several other statements, also, to which proponents of the modern 
viewpoints are likely to take strong exception. The treatment of 
the “salt effect’? (page 84) seems especially inadequate; the 
statement that ‘‘solutions have higher dielectric constants than 
water and are for that reason better ionizing mediums” could 
scarcely be substantiated, and the whole trend of this discussion 
appears to point toward the conclusion that the activity coeffi- 
cient of a salt is increased, rather than decreased, by the presence 
of a second salt. The expression ‘‘uncommon-ion effect,” used 
in this connection, seems ill chosen; and, in the reviewer’s 
opinion, the use of the term ‘‘osmotic pressure’’ to represent the 
tendency of a solute to leave a saturated solution (page 44), or 
of an ion to be discharged upon a metal (page 149), should be 
allowed to attain an early extinction. Few typographical errors 
were noted. 

Although there will undoubtedly be differences of opinion on 
theoretical points such as those which have been mentioned, the 
book contains much that is valuable. It seems best adapted to 
colleges in which qualitative analysis is taught not as a portion 
of the second-semester course in general chemistry, but as a 
distinct subject occupying at least a full semester; and it will 
appeal especially to teachers who desire a thorough exposition 
along classical lines, rather than an interpretation of the most 
recent developments in this field. 

ARTHUR W. DavipsOoN 


UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 


THE PHASE RULE AND Its APPLICATIONS. Alexander Findlay, 
Professor of Chemistry, University of Aberdeen; revised with 
the assistance of A. N. Campbell, Associate Professor of 
Chemistry, University of Manitoba. Eighth Edition. Long- 
mans, Green and Co., New York City, 1938. xv + 327 pp. 
14 X 21cm. $83.00. 


The purpose of this book, as stated in the preface of the first 
edition, was to explain, in an essentially non-mathematical form, 
‘‘as clearly as possible the principles underlying the Phase Rule 
and to illustrate their applications to the classification and in- 
vestigation of equilibria, by means of a number of cases actually 
studied.”’ Professor Findlay’s success in achieving this purpose 
is perhaps most eloquently attested by the fact that the present 
edition is the eighth since the original one in 1904! 

This edition, like its predecessors, contains a rather full ex- 
planation of the phase rule, with detailed treatments (in four- 
teen chapters) of the applications to systems of one, two, and 
three components. There is also a good thirty-page chapter 
dealing with some applications to four-component systems. In 
general, experimental data and bibliographical references have 
been brought up to date, while the Appendix, appearing in 
earlier editions and describing the generally familiar methods for 
the experimental determination of the transition point, has now 
been dropped. Evidence adduced from the X-ray investigation 
of the nature of solid and liquid phases is stressed throughout, 
but on the whole this latest edition does not differ radically from 
the seventh and earlier editions. 

This excellent monograph should find a place in the private 
library of any professional chemist. It will serve also as a useful 
text for short specialized courses dealing with the phase rule 
and as an invaluable reference book in connection with the study 
of heterogeneous equilibria in any general course in physical 
chemistry. GErorGE S. PARKS 


STANFORD UNIVERSITY 
STANFORD UNIVERSITY, CALIFORNIA 


RANCIDITY IN Ep1isLE Fats. C. H. Lea, B.Sc., Ph.D. Chemical 
Publishing Company of New York, Inc. New York City, 
1939. vi+ 230 pp. 38 figs. 15 X 22cm. $4.00. 


The object of the book is to present an account of the knowl- 
edge concerning the development of rancidity in edible fats and 


fat-containing foods. Emphasis is placed on the most Scientific 
aspects of the subject with details of methods employed jy 
diagnosis and correction of faults in processing. 

The book is divided into six parts as follows: 


Part I. (Twenty-five pages.) 
(Four pages.) 
(Eight pages.) 


(Thirty. 


The chemistry of the fats. 
Part II. Rancidity, occurrence, and types. 
Part III. The lesser causes of rancidity. 
Part IV. The action of microérganism on fats. 

two pages.) 

Part V. The deterioration of fats by atmospheric oxidation, 
(One hundred twenty-two pages.) 

Part VI. Rancidity in dairy products and meats. 
two pages.) 

The literature, especially that devoted to atmospheric oxida- 
tion, has been thoroughly reviewed, evaluated, and summaries 
have been presented. The comments based on scientific pro. 
cedure should be a great help to the layman in evaluating the 
literature in this field. 

The work, though short, fills a long-felt need for a review of 
the rapidly expanding literature in the field of fat deterioration, 

The book is a reprint of the Department of Scientific and In. 
dustrial Research, Special Report No. 46, 16 Old Queen Street, 
Westminster, London, S. W. 1. GEORGE R. GREENBANK 


U. S. DEPARTMENT OF AGRICULTURE 
WasuHIncrTon, D. C. 


(Twenty. 


LECTURE DEMONSTRATIONS AND EXPERIMENTS IN GENERAL 
CHEMISTRY. George Washington Muhleman, D.Sc., Professor 
of Chemistry, Hamline University. Burgess Publishing Com- 
pany, Minneapolis, Minn., 1938. ix + 79 pp. 21 X 27.5cm. 
$1.50. 


The author attempts in this volume to combine an outline of 
lecture material and laboratory experiments for first-year students 
of college chemistry. He recognizes a serious lack of codérdina- 
tion of lecture material with laboratory procedures in inorganic 
chemistry, and in this manual he attempts to attack this problem. 
The book consists of one hundred forty-three relatively short in- 
dividual experiments covering the topics ordinarily studied in 
general chemistry. Then comes a “Special Descriptive Circular 
on the War Department’’—1918—together with a compendious 
bibliography. Then follow tables of mathematics, solubility 
tables and charts; an outline of ‘‘Who’s Who in General Inorganic 
Chemistry.” After this the last two pages of the publication con- 
sist of qualitative procedures and tests for the cations. No work 
on anion detection is included. 

The format of the book is not too satisfactory. While space 
is an item to be considered, the appearance as well as the useful- 
ness of the manual would be greatly enhanced by two changes 
which the reviewer suggests, first, that a somewhat smaller type 
be used, and second, that the space between the lines be somewhat 
increased. The drawings are satisfactory. One point on which 
the author is to be complimented is the profuseness of reference 
material. Throughout the book appear lists of references per- 
tinent to the topics under discussion. In addition, there are 
tabulated the names of great scientists, together with quotations 
from their writings. These are intended by the author, no doubt, 
to inspire the student and to impress upon him the value of 
chemistry in daily life. 

The author makes a strong plea for lecture demonstrations in 
place of actual laboratory work by the students. This may 
be advantageous under certain circumstances. The reviewer 
finds it difficult to be in accord with this point of view. The 
author, furthermore, justifies his lack of experiments of a quanti- 
tative character on the basis that “. . . beginning students cannot 
and do not derive sufficient benefit to justify the amount of time 
they require to perform quantitative work.” .. The conclusion, 
then, is that the manual is best suited to the needs of those 
students who are taking chemistry for the first time. 

R. K. CARLETON 


RHODE ISLAND STATE COLLEGE 
Kincston, RHopE ISLAND 
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WILLIAM PROUT (1785-1850) 


Pictures of Prout have not been available. After numerous 
attempts to secure a photograph of him, Assistant ii 
8. E. Carr, of the Chemical Society (London), was approached, 
vho reported that a relative of Prout recently had placed a 
minting of him in Burlington House, London, the home office 
of the Chiemnical Society. A London firm, Messrs. Elliott and 
Fry, Ltd., photographed the painting for the writer of this 


note. 
Prout is best known for his hypothesis which he suggested in 


1815 through an anonymous article “Relation between the 
Specific Gravities in Bodies in Their Gaseous State.” He 
should be remembered also as a pioneer in experimental physio- 
logical chemistry. His most notable investigation in this field 
was his discovery that hydrochloric acid is a normal constituent 
of the human stomach. Prout published a total of thirty-four 
papers, according to the catalog of the Royal Society. 


(Contributed by Friend E. Clark, West Virginia University) 

















EDITOR’S OUTLOOK 

















VISITING LECTURESHIPS. With perhaps a few 
notable exceptions the majority of our institutions of 
higher learning realize the dangers of academic inbreed- 
ing and provincialism, and attempt to guard against 
them to some extent when new faculty appointments are 
made. In the nature of things, however, there is not 
usually a high rate of turnover in college and university 
faculties, and many student bodies, although ably and 
excellently instructed, enter professional life with an 
outlook more restricted than need be. 

Generally speaking, the day of the migratory student 
is past. If the coming generation of chemists is to have 
the advantage of contact with many and varied points 
of view, and the privilege of learning from authorities 
in a variety of special fields, the colleges and universities 
themselves must make it possible. 

These facts have been appreciated, heretofore, and 
an effort was made some years ago, through a special 
committee of the Division of Chemical Education, to 
inaugurate a system of domestic professorial exchanges. 
Although the idea appealed to many in principle, it 
finally languished and died under the weight of practical 
difficulties. 

In retrospect it seems that the exchange arrangement 
is not one that is readily adaptable to actualities, how- 
ever promising it may seem in theory. Too often the 
institution desiring the exchange cannot offer a quid pro 
quo that appears adequate to the other institution in- 





Even when a mutually 


vited to participate in it. 
agreeable exchange can be negotiated, it is sometimes 
difficult to make the periods of availability of the two 
men concerned coincide. 


Moreover, it is now clear that an academic year, or 
even a quarter, is, generally speaking, an impractical 
period of exchange. Most men worth exchanging are 
too closely bound to their home institutions by personal 
research, responsibility for graduate students, and a 
thousand and one miscellaneous ties. 


Most of these difficulties are avoided, however, if the 
exchange idea is abandoned, and if visiting lecturers are 
invited for a period of one to two weeks. On sucha 
basis the monetary outlay of the host institution is 
moderate, the inconvenience to the home institution of 
the visitor is trivial, and the hardship imposed upon the 
visitor himself is negligible. Moreover, it is thus 
possible for a single academic generation of students to 
enjoy a greater range of contacts than they could under 
the annual or quarterly exchange system, and at the 
same time to retain the advantages of the personal 
interest and continuous guidance of their home pro- 
fessors. 

We understand that this plan has already been tried 
with very satisfactory results by at least one Eastern 
institution. We should like to see it more generally 
adopted. 
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The HISTORY of CHEMISTRY ad 
PHILLIPS ACADEMY 


ROSCOE E. DAKE 


Phillips Academy, Andover, Massachusetts 


HILLIPS ACADEMY was founded largely 
through the interest and efforts of three members 
of the Phillips family: Esquire Samuel Phillips; 

his brother, Dr. John Phillips; and his son, Judge 
Samuel Phillips, Jr. Of these three men the first two 
supplied most of the funds needed to establish the 
school, but it was Samuel Phillips, Jr., who originated 
the plan and who enlisted the aid of his father and 
uncle in its support. With a student body of thirteen, 
the school was opened on April 30, 1778, in a remodeled 
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worthy of note, however, that chemical manufacture 
had played a part in the early destiny of the school. 
Early in 1776, under encouragement from the General 
Court in Watertown, Samuel Phillips, Jr., had estab- 
lished a plant in Andover for the production of gun- 
powder for the Revolutionary forces. Codéperating 
with Judge Phillips, and performing numerous tests 
which nearly cost him his eyesight, was a boyhood 
friend, Eliphalet Pearson. As it was at this time that 
Phillips was considering the foundation of the school, 





ANDOVER THEOLOGICAL INSTITUTION AND TEACHERS SEMINARY 


This picture shows the school as it was in 1839. From left to right the buildings are The Stone Academy, Samari- 
tan House, Students’ Workshop, Phillips Hall, Pearson Chapel, and Bartlett Hall. 

The Stone Academy was built in 1829-30, with the chemistry laboratory in the basement. 

Samaritan House was used as an infirmary by the Theological Seminary. 

The Students’ Workshop was used by the theological students who whiled away their spare time by making 


coffins there. 
Harriet Beecher Stowe. 
Phillips Hall was renamed Foxcroft Hall in 1924. 
Pearson Chapel was moved in 1924. 


carpenter’s shop with Eliphalet Pearson as Preceptor. 
Over two years later, on October 4, 1780, the passage 
of the Act of Incorporation was to be the last legislative 
act of the old Provincial Court of Massachusetts, and 
Phillips Academy became the first incorporated acad- 
«my, though not the first academy, in this country. 

The curriculum of the new school was a classical one 
and was to remain so for over half a century. It is 
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The building was remodeled later as a residence which was occupied by Professor Stowe and his wife, 


It is a senior dormitory today. 
It is used now as a recitation hall. 
Bartlett Hall is a senior dormitory at the present time. 


there is little doubt that Pearson was aware of his plans 
and that their mutual friendship and interests led to 
the choice of Eliphalet Pearson as the head of the new 
school. In spite of this evidence of Pearson’s knowl- 
edge of chemistry, and despite the fact that in 1780 
Judge Phillips was a charter member of the American 
Academy of Arts and Sciences, science played no part in 
the curriculum of the new school. The courses of study 
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included only Latin and Greek, with scanty attention 
to mathematics, and some reading in works on religion. 

The religious feelings of many of those connected 
with the Academy were strong and in 1808 a Theological 
Seminary was established as a separate institution, 
though under the same board of trustees. For a 
hundred years it dominated the life of the community, 
and, throughout most of that period, completely over- 
shadowed the Academy. The Seminary prospered 
financially, and it was inevitable that much of the time 
and interest of the trustees was devoted to its affairs. 
The Academy gained much from its close association 
with the Seminary, but it probably did not make the 
progress it would have made had it received the un- 
divided attention of the trustees. 

That science in any form entered the sacred precincts 
of a strictly classical school long before it found a place 
in many institutions of similar type was due mainly to 
an educational experiment which began in 1830. The 
new project was largely the result of the enthusiasm of 
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Photograph by R. W. Higgins 


HaRE’s OXYHYDROGEN BLOW-PIPE AS DIAGRAMMED IN 
ALonzo Gray’s TEXTBOOK ‘“‘THE ELEMENTS OF CHEMISTRY” 


Samuel Farrar, a trustee of the academy from 1802 to 
1846 and its treasurer from 1803 to 1840. ‘‘Squire’’ 
Farrar, as he was generally called, attempted to solve 
several educational problems of the day through the 
establishment of an ‘‘English Classical School.’’ This, 
though under the same board of trustees, was to be 
independent of the academy for some years and a 
somewhat scorned and neglected poor relative of its 
older sister, the Classical Academy, for many more. 
‘Squire’ Farrar wished to meet the educational 
needs of two main groups and the new school was de- 
signed to take care of both. First, it was to be a nor- 
mal school for the preparation of teachers; and second, 
a technical school of a somewhat vocational nature. 
As this project preceded the establishment of normal 
schools in Massachusetts by some nine years, the need 
for the former is clear, and it was this feature of the 
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school which was most important in its early years 
The latter was in answer to the demands of those who 
were critical of the classical program as a means of 
preparation for life, especially for those who were not 
to continue their education in college but were “to 
enter at once in the various occupations of men jp 
business.”’ In the first catalog of the new school these 
objectives are explicitly stated as follows. ‘“The most 
prominent object is to educate Instructers of the 
Common and other schools. Another object is to 
educate practical men for all the departments of com. 
mon life.”’ 

Fortunately for his plan the vision of the founders 
had made the establishment of such a school possible, 
and funds were available from the estate of William 
Phillips, a third brother of the two who had been so 
largely instrumental in founding the academy. In the 
spring of 1829 a new building, to be known as the 
“Stone Academy,” was begun. ‘Squire’ Farrar him- 
self was the architect, as he had been for many other 
academy buildings, and, if for no other reason, he 
probably would long be remembered for this child of 
his brain, which has been described as “‘the strongest 
and ugliest structure ever produced by the hand of 
man.’ It was a three-story building, the basement 
of which included a chemical laboratory furnished with 
apparatus for an extensive series of illustrations. In 
this new building the school was opened in September, 
1830, the first school expressly for the preparation of 
teachers in the Commonwealth. It was in connection 
with the new school that chemistry was first taught on 
Andover Hill. 

As principal of the Teacher’s Seminary, as it was 
called, the trustees employed Samuel Read Hall, who, 
some years earlier, had established at Concord, Ver- 
mont, a teachers’ school which was apparently the 
first normal school in this country. The catalog of the 
spring term of 1831 lists a faculty of five, of whom three 
were students at the Theological Seminary. One of 
these part-time theologs is listed as the teacher in 
chemistry. This catalog further states that ‘‘A labo- 
ratory will soon be completed and furnished with 
suitable apparatus for pursuing the study of chemis- 
try’; the catalog of the fall of the same year, that “Lec- 
tures will be given on chemistry.” Latin and Greek 
were not included in the list of studies but at extra ex- 
pense instruction could be obtained in French, German, 
philosophy, astrenomy, chemistry, and electricity. 
That the new school was designed to emphasize science 
is shown by the fact that from the limited funds avail- 
able the trustees had provided for the following, listed 
in the catalog of 1832, as ‘“‘Apparatus.’’ ‘“‘A magic 
lantern with several hundred diagrams for illustrating 
astronomy, natural and civil history, etc.; an electrical 
machine of a very superior kind and apparatus for 
extensive experiments; a laboratory furnished with 
suitable apparatus for illustrations in chemistry.” 
When one considers the limited finances of the school 
and that the tuition charge was only five to six dollars 4 
term, it is easy to see that such equipment was con- 
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Photograph by R. W. Higgins 


A PICTURE OF THE ‘‘VERY SUPERIOR ELECTRICAL MACHINE” ADVERTISED IN THE CATALOG OF THE TEACHERS’ SEMINARY 


IN 1831, AS Ir APPEARS Topay. 


sidered a vital part of the new school. This conclusion 
is verified by the fact that purchases of new equipment 
were made yearly for some time. In successive catalogs 
are listed an “‘excellent pneumatic apparatus, a tele- 
scope, a cabinet of minerals, a barometer, and a very 
valuable solar microscope.” By 1839, the catalog mod- 
estly boasts that the cost of all apparatus is above $2200. 

It is probable, but not certain, that some lectures on 
chemistry were given in 1830. However, both a course 
and lectures were included in the program of 1831. 
Just exactly what the content of the course included is 
tot easy to determine, but the textbooks used were 
among the best of those available, even for colleges. 
In 1833, they included Eaton’s, Comstock’s, and 
Silliman’s; in 1835, Turner’s; in 1839, Beck’s; and in 
1840, Alonzo Gray’s. That the instruction was thor- 
ough cannot be doubted, for by 1839 the entire spring 
term of the ‘‘Middle” year, the second of the three- 
year course, was devoted to the study of only three 
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subjects; philosophy, chemistry, and botany, of which 
the first was probably natural philosophy or physics. 
The judgment of a contemporary is to be found in the 
Annals of Education for August, 1832, in his descrip- 
tion of a visit to Andover. ‘School books of a good 
character are selected, and the most improved methods 
of instruction adopted. But, while books and appara- 
tus and hard study are deemed indispensable to thor- 
ough and efficient progress, much is accomplished by 
familiar, conversational lectures, giving the student 
ample opportunity for asking questions, suggesting 


THE METER Srick (RIGHT, CENTER) INDICATES THE SIZE OF THE MACHINE 


doubts, etc. No attempts are made to hurry through 
a science for the sake of having gone through it; but 
constant, and, as it appears to me, successful efforts 
are made to teach everything to which the pupil’s at- 
tention is called thoroughly. .... In both departments 
of the school, there is nothing of that routine of mere 
memory work which is so often witnessed in our schools. 
Those methods are pursued, generally speaking, in every 
exercise, which give employment to the whole intellect, 
and not to certain favored faculties merely, while the 
rest are suffered to lie neglected. . . . Not only is every- 
thing rendered intelligible, but interesting; and the 
thinking powers of the pupil are called into useful 
activity. During my visit a course of chemical lec- 
tures was commenced by an assistant, which promised 
to be highly practical and useful... . . As a place of 
instruction, it justly ranks high; and I do not believe it 
has been too highly appreciated. But as a place of 
education, it has still higher claims. Knowledge of the 
best kind is successfully circulated by the best means; 
but the capacity and disposition to make a good use of 
Knowledge, is regarded of still more importance. .... a 

The two departments of the Teachers’ Seminary re- 
ferred to are evidently the Preparatory Department, in 
some catalogs called ‘‘A Model School for the practical 
illustration of the Art of Teaching’’; and the Teachers’ 
Department, which included a General Department 
with a shorter and more irregular course. In this Mode! 
School pupils from the Teachers’ Department some- 
times assisted, but it had a separate and permanent 
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instructor and was not merely a school for practice 
teaching. 

One of the outstanding teachers at the school during 
this period was Alonzo Gray; in 1836 an assistant from 
the Theological Seminary, but from 1837 to 1842 a 
full-time teacher of the natural sciences, chemistry, 
botany, geology and mineralogy, and, from 1839, of 
scientific and practical agriculture. He was the author 
of textbooks in chemistry, geology, and agriculture 
which were used not only at Andover, but by other 
schools and colleges. The part he played in the devel- 
opment of the study of these sciences, particularly 
agriculture, has not been fully appreciated, for the work 
he began was not continued for long, and his later life 
was spent as the head of a Female Seminary in Brook- 
lyn where he could have had but little use for his in- 
terest in scientific farming. Since agricultural col- 
leges did not appear for some twenty-five years, he must 
be regarded as one of the pioneer teachers in this field. 

The establishment of the course in agriculture at 
Andover was an outgrowth of the fact that many of 
the students were of limited means and reduced their 
expenses by working two hours each day on the school 
farm. To Gray, who had read extensively the works 
of English and German authors on the subject, this 
offered an opportunity to improve the lot of the New 
England farmer. With the encouragement of the 
administration he began a textbook on agriculture 
which was used in the school in 1842. A study of this 
book reveals that it contains many items generally re- 
garded as modern developments in that field. Several 
methods of chemical analysis of soils are given, and its 
importance as a means leading to increased production 
of crops is stressed. Students were given the oppor- 
tunity of witnessing these analyses, but that they were 
permitted to perform them seems doubtful. Consid- 
erable attention is given to arguments in opposition to 
Liebig’s theory that plants derive all their carbon from 
the carbonic acid of the air, although photosynthesis 
was acknowledged. That Gray was influenced by his 
theological training is shown by the heading of one 
page—‘‘The Benevolence of God,” mention of which 
is generally omitted from modern texts on the subject. 

In his book on chemistry, which ran through forty 
editions, he uses some formulas and equations of a 
crude kind, though they were not yet used in all 
chemistry texts. One method of preparing chlorine, for 
example, reads, MnO*, Na + Cl, and 2SO# are con- 
verted into MnO + SO’, NaO + SO’, and Cl. In the 
preface he emphasizes the importance of learning prin- 
ciples, rather than details, for, as he states—‘‘The 
fundamental principles being thoroughly understood by 
the student, he is prepared to attend to the details with 
greater pleasure and success, as he will be able to con- 
nect the effects with their appropriate causes.” Mod- 
ern teachers who are inclined to believe that the study 
of chemistry a hundred years ago involved merely 
memory work would do well to note Gray’s instruc- 
tions. To emphasize this study of principles he gen- 
erally included a paragraph on “Theory” after the 
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description of an experiment. In his Introduction jy 
the following statement, ‘‘Science is classified know. 
edge.” A letter, printed in the ‘Andover Townsman’ 
of October, 1897, protests the credit given to Herbert 
Spencer for the inscription, ‘‘Science is organized knowl. 
edge,’ in the rotunda of the new Congressional |). 
brary, and points out that Gray should receive the 
credit, since Spencer did not appear as a writer until 
1845. The author has had no opportunity to check 
the authenticity of the writer’s claims. 

That the original plan of the school had been some. 
what modified by 1839 is indicated by a manuscript, 
presumably written by Lyman Coleman, the Principal 
from 1837 to 1842, in an endeavor to secure further 
endowments for the school. Whereas his claims may 
have been somewhat exaggerated (at times they suggest 
modern advertising claims, or an endowment cam- 
paign) they do make clear that it was to be regarded 
as more than a Teachers’ Seminary. He emphasizes 
that it is unique among American institutions in that it 
occupies an intermediate position between Academies 
and Colleges and stresses the fact that it offers unusual 
facilities for the study of the sciences, including scien- 
tific agriculture. The following excerpt is fairly typical 
of the manuscript. 

“The institution as may appear from this brief 
sketch is substantially an English High-School or Col- 
lege, and is designed to occupy an intermediate grade 
between our common Academic institutions, and our 
Universities and Colleges. It stands out single and 
alone on that wide and neglected interval that lies be- 
tween the Academy and the College. There are mul- 
titudes of young men who, though they cannot tra- 
verse the extended course of a collegiate education, 
would, with suitable facilities, take a wider range of 
studies than that which is pursued in a grammar school 
or Academy. They would acquaint themselves, not 
only with Mathematics and Moral Science, but with 
the various and interesting branches of Natural Science, 
Botany, Chemistry, Mineralogy, Geology, etc. But 
where shall they look for the facilities, necessary for the 
prosecution of those studies? 

“There is not a single institution in our land, save our 
own, where these sciences are scientifically and syste- 
matically taught, and to which a young man can rfe- 
pair, with the hope of acquiring a competent knowledge 
of them, within the limits assigned for his education. 
The consequence is that a scientific, as well as literary 
education is needlessly and injuriously excluded from 
the great body of our youth, who are destined to occupy 
various and important stations in life, not only as in- 
structor, but as manufacturers, mechanics, agricultur- 
ists, merchants, and men of fortune. Is it not expedient, 
then, that there should be at least one institution in this 
country adapted to the wants and condition of that 
numerous and interesting class of young men above 
described?” 

One is tempted to wonder what the institution 
might have become had Coleman and Gray remained 
in charge of its affairs. 
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ction jg The enrolment of the school increased rather steadily 
knowl. § fom eighty in 1831 to two hundred one in 1842. But 
nsman’ # jt must be remembered that the attendance of many 
Herbert @ students was irregular, especially those studying to be 
lknowl. @ teachers, since they found employment in the district 
nal Li. § shools during the winter. The school had seemingly 
Ive the # made an: excellent beginning and had prospects for 
er until @ 4 brilliant future, but in reality it was in serious finan- 
) check & cial difficulties. Most of the available funds had been 
spent for equipment, and, in spite of appeals by the 

1 Some. # trustees, further contributions were not forthcoming. 
iscript, | The tuition charge was only fifty cents a week, and 
incipal part of this was often paid for by labor rather than 
further cash. Then, too, those connected with the Classical 
iS may § Academy, both students and faculty, looked upon it 
uggest # with contempt, and, in the words of Mr. Coleman, 
cam- § written at a later date, ‘The total lack of sympathy 
garded # and codperation served to cast into shades and dis- 
lasizes # tances the Teachers’ Seminary and to give it the air 
that it § of an abandoned orphan, rather than a cherished part 
lemies § of the venerable institution.”” A revised curriculum 
lusual § rather carefully planned by Mr. Coleman was never 
scien- § put into action. “Squire” Farrar’s influence and in- 
ypical # terest had waned, and, mainly for reasons of economy, 
the trustees voted to merge the two schools under one 

brief § administration. Mr. Coleman and Mr. Gray were 
‘Col. &f discharged ‘for want of means to retain them,’ and the 
grade § two schools were formally joined in August, 1842. 
1 our § Thus the Teachers’ Seminary became the ‘English 
and § department’ of the older Academy, a title it retained 
S be- § until 1894 when it became the ‘‘Scientific department.” 
mul- The merger was one of theory, rather than fact. 
tra- The department declined in its enrolment and was to 
tion, play a minor part for many years. The causes of this 
e of ff were numerous. In addition to those already enu- 
hool merated mention should be made of the lack of a per- 
not manent staff of teachers; of the establishment of nor- 
with mal schools, of the fact that the course did not prepare 





for college, and of the fact that not many farmers were 
wealthy enough to send their sons away to school. 
It was probably unfortunate for the department that, 
in 1837, Samuel Harvey Taylor had been appointed 
the Principal of the Classical Academy, a position he 
was to retain for thirty-four years. “Uncle Sam,” 
as he was known, dominated Phillips Academy through- 
out this period. He had a strong character and per- 


















on. sonality and was in many respects an able leader. 
ary He was, however, a firm believer in the classical edu- 
om cation, and had no interest in the development of the 
PY new department. That it survived during the next 
in- thirty years was probably due to the succession of 
ur capable men who were to serve as its leader. The first 
it, of these was William Wells, who left in 1847 as the 
iS result of a disagreement with ‘‘Uncle Sam,” and who 
at later became Superintendent of Schools in Chicago. 
ve James Eaton, who followed Wells, continued his work 

in spite of many annoyances and a staggering burden of 
on teaching until his death in 1865. Shortly before his 
d death, he, with other members of the faculty, peti- 






tioned the trustees for relief from their load of class- 
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work, and at the same time were bold enough to criti- 
cize the administration for the small amount of time 
they were allowed in which to teach mathematics to 
the members of the classical group who were turned 
over to them for this purpose. Their protests brought 
no immediate results, but were to have some influence 
after Taylor’s death. 

Scientific agriculture disappeared from the school 
catalog in 1843, but chemistry continued to be taught. 
At times it was for a single term only, and it must 
have played a rather unimportant part for some 
years. But the entire department received new im- 
petus in 1866, when the philanthropist, George Pea- 
body, gave the school a fund of twenty-five thousand 
dollars to establish a chair of mathematics and natural 
sciences, but which came to be used for science alone. 
This seems to mark a definite change for the better in 
the fortunes of the department of science. William 
Graves was the first appointee to the new chair, and 
during the next four years he rather thoroughly revised 
the course of study. No longer was special attention 
paid to future teachers, but definite steps were taken 
to mold the department into a scientific school prepar- 
ing for college. For the first time members of the de- 
partment ‘‘distinguished for their scholarship’ were 
permitted to take a part in the public Exhibition of the 
Academy. 

In 1864 the Stone Academy was destroyed by fire, 
but by two years later it had been replaced by a much 
larger structure, the “Main Building,’ which was to 
serve as the chief recitation hall for both departments 
until 1924. Chemistry moved from the basement of 
the old building to the basement of the new, and evi- 
dently profited by the change, although the new quar- 
ters were not completely satisfactory. Graves, who 
was interested in higher education, left in 1870 to join 
the faculty of Marietta College. His successor, Wil- 
liam Goldsmith, was unusually capable, and upon the 
death of ‘‘Uncle Sam” Taylor in 1871, he carried out 
the duties of the principal for the remainder of the year. 
Had he been a member of the classical school it is 
probable that he would have been chosen as the new 
principal, but the appointment went to Frederic Tilton 
instead. 

In the two years that he remained at the Academy, 
Tilton did much to modernize the courses of study in 
the classical department. Modern languages were 
introduced, and the school, which had become almost 
entirely a preparatory school for Yale—mainly be- 
cause of a disagreement between Taylor and the authori- 
ties at Harvard—again met the requirements of such 
institutions as Harvard which laid great stress upon 
the classics for entrance. In the English department, 


chemistry was established as a full-year course. In 
1872, probably for the first time at Phillips Academy, 
laboratory work was provided for the students in a 
course which included qualitative analysis. 

Dr. Cecil F. P. Bancroft, who took over the prin- 
cipalship in 1873, did much to change the status of the 
English department. 


At his request, when George C. 
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Merrill was appointed as Peabody Instructor in 1875, 
the position did not carry with it the office of head of 
the English department. The Exhibitions of the two 
branches of the school were consolidated and hence- 
forth there was to be a greater degree of real and con- 
structive codperation. Keen rivalry existed between 
the student bodies for many years, but the adminis- 
tration no longer frowned upon the younger depart- 
ment. Indeed, it was at Dr. Bancroft’s insistence 
that in 1882 a chemistry laboratory was built at a cost 
of eight thousand dollars. This structure, which was 
of brick, thirty by forty feet in dimensions, was func- 
tional, rather than artistic, in its design. The labora- 
tory had no ceiling but was left open to the rafters, 
affording excellent ventilation facilities. An ingenious 
arrangement whereby a double row of windows forming 
the peak of the roof could be opened also aided greatly 
in the removal of fumes and gases. The efficiency of 
this system can be guaranteed by the author who con- 
ducted classes there as late as 1928. To prevent the 
rains from leaking in, the entire peak of the roof had 
a housing on the exterior. The laboratory was fitted 








SAMUEL F, B. Morse HAut (1928) Was NAMED IN Honor oF 
SAMUEL F, B. Morsk&, INVENTOR OF THE TELEGRAPH, AND A 
STUDENT IN THE ACADEMY FROM 1802 To 1805. It ContTaAINS 
THOROUGHLY MODERN AND WELL-EQUIPPED LABORATORIES 
AND RECITATION ROOMS FOR CHEMISTRY, PHYSICS, AND 
BIOLOGY, AND A ROOM FOR MECHANICAL DRAWING 


with desks for thirty-two students. Running water 
was provided at the desks, perhaps not until a later 
date, by first pumping it by hand from a well to a large 
tank suspended near the roof. At the east end of the 
building in a stained glass window is the motto, ‘‘Vive 
la Science,”’ perhaps as a sort of triumphant note that 
chemistry had at last emerged from the basement, and 
had a place of its own where the odors of chlorine and 
hydrogen sulfide would not become the stinks they 
seem to be to other teachers and students in near-by 
classrooms. The catalog of 1886 contains a statement 
of the advantages of the new building, which speaks 
volumes as to the earlier provisions for the subject. 
“The incidental advantages secured in this building 
are ample space, freedom from dampness, abundant 
light, the means of speedy and complete ventilation, 
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good drainage, a minimum of absorbing surfaces, anj 
a minimum of fire risk.’’ The existence of this building 
as an independent unit was of short duration, Thy 
scientific department had need for more recitation 
rooms and in 1892 the chemistry building became the 
east wing of the larger Graves Hall, which though 
largely used for science work, contained other recitg. 
tion rooms as well. This building, which still stands, 
was recently remodeled to serve as a gymnasium for 
younger students. 

Mr. Graves had returned to the school in 1881, and 
was to continue as Peabody Instructor until his volun. 
tary retirement in 1908. This period had seen the 
development of the scientific schools, and there was now 
a definite need of the department for those students 
who wished to meet their entrance requirements, 
This could now be accomplished by the substitution of 
Latin for some of the work of the senior year; though, 
surprisingly enough, this usually meant omission of 
some of the science courses. The course of study in the 
scientific department was lengthened to four years in 
1884, as a part of the plan to have both branches of the 
school provide preparation for college work. The 
standards were such that it was not uncommon for 
students to enter advanced classes when they went 
on to college. Improvements in teaching can be par- 
tially attributed to Dr. Bancroft’s efforts to have a per- 
manent staff of teachers, and the increased part that 
he allowed them to take in the control and affairs of 
the school. 

Upon Dr. Bancroft’s death in 1902, Dr. Alfred E. 
Stearns succeeded him as principal, a title which, in 
1928, was changed to that of Headmaster. Under his 
administration the school was to have an astounding 
growth in endowment and physical equipment, while 
maintaining its standards and enlarging the student 
body. In 1908, the Theological Seminary, which had 
been struggling against odds ever since an internal 
controversy in the eighties, moved to Cambridge, and, 
henceforth, the Academy was to have an independent 
board of trustees. For many years its influence had 
overshadowed that of the two branches of the Academy, 
and the trustees, frequently ministers themselves, had 
had a greater interest in its affairs than in those of the 
school. Funds were raised to purchase and remodel 
the buildings for the use of the growing Academy. 
Even more spectacular was the growth of the School 
during the years which saw the sesqui-centennial cele- 
bration of its founding in 1928. Through the gener- 
osity of many alumni, with Thomas Cochran contrib- 
uting a large share, the funds of the Academy were 
greatly increased. Old buildings were moved and re- 
modeled, and new ones were built in rapid succession. 
All this was done in such a way as to codrdinate all 
phases of the school, and to serve not only to improve 
its facilities, but to make it what many believe to be 
one of the most beautiful campuses in the country. 
With this enlargement of the school went a steady in- 
crease in the numbers of the faculty, a trend which Dr. 
Bancroft had initiated. 
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Throughout these years of growth and comparative 
prosperity of the Academy, the two departments had 
blended more and more into one. Following Dr. 
Stearns’ retirement in 1933, due to ill health, Dr. 
Claude M. Fuess was appointed Headmaster. A re- 
vised curriculum soon afterward made the classical 
languages optional, and permitted greater emphasis to 
be placed upon history, science and the fine arts in an 
attempt to provide a broader background for the pre- 
college student. The faculty group was enlarged, until 
today it numbers seventy-five, with a student body 
of seven hundred, permitting of far greater attention to 
the needs of the individual boy, whether in or out of the 
dassroom. This is in marked contrast to the early 
days of the school. James Eaton in his protest to the 
trustees in 1865 had stated that the average attendance 
in mathematics classes at that time was seventy-seven 
and two-thirds boys. Chemistry shared in the general 
good fortune of the school. In 1928 the department 
was moved to the ground floor of Samuel F. B. Morse 
Hall where modern facilities and ample space and equip- 
ment are provided for teaching the subject. 

In 1895 Mr. James C. Graham had been appointed 
as instructor in chemistry, a position he retained until 
his retirement after forty-two years of service. Under 
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his guidance many hundreds of students were held to a 
high standard of work. Among the many able men 
who served as his assistant in the course during this 
period was Gilbert N. Lewis, who needs no introduction 
to chemists. The general character of the school kept 
the course essentially one which met the requirements 
for admission to any college. For a brief period a two- 
hour course was taught in the second year, followed by 
a four-hour course in the senior year, and at times it 
was necessary to form different sections because of the 
different requirements of the colleges. With the es- 
tablishment of the College Entrance Board examina- 
tions these difficulties were removed. Since their es- 
tablishment the course has been essentially one which 
would fully meet the requirements they have made. 
Some of the better students occasionally enter advanced 
work in college, but the establishment by many col- 
leges of special courses for students who have training 
in chemistry has made this less common than formerly. 
The emphasis in the course is still that advocated by 
Alonzo Gray nearly a hundred years ago, “The funda- 
mental principles being thoroughly understood by the 
student, he is prepared to attend to the details with 
greater pleasure and success, as he will be better able 
to connect the effects with their appropriate causes.” 
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The PERIODIC TABLE 
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INTRODUCTION 

UDGING from the number of modifications of the 
J periodic table which have been proposed, there 
seems to be a universal tendency for everyone 

to develop one of his own. Most of the tables empha- 
size characteristics which to their proponents appear to 
be the most important properties of the elements. It 
is obvious, however, that no table can correlate all the 


properties, and from the standpoint of teaching and 
particularly from the viewpoint of the student, selection 
of the simplest and least misrepresenting type seems to 
be the best compromise. In the usual short table, a 
modification of a historically important Mendeléeff ta- 
ble, manganese is put in the same column as chlorine, 
and copper, silver and gold with the alkali metals. The 
result is avery complicated, misleading, and inconvenient 
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pattern to which the student must turn for the interpre- structure does it become vital and stimulating to the 
tation of chemical data. Lundell and Hoffman! write, student. 
“In the tables most commonly used, an attempt is made 
to group the elements according to valence. This leads 
to strange bedfellows and introduces the need of con- The modern table, based upon atomic structure cop. 
ventions, such as Sub-Group I and Sub-Group II within cepts, has been available for a number of years, Jt 
a group. From the chemist’s, particularly the analyst’s evolved directly from the first form of the periodic table 
viewpoint, it is more rational and satisfactory to group proposed by Mendeléeff (1869), in which the long 
the elements in accordance with the structure of their periods were not doubled back, and is closely related to 
atoms.” the original atomic volume curve of Lothar Meyer (1869), 
Possibly some may question the need for a reiteration Credit may be assigned to no single person for the form 
of the thesis of this paper, since in recent years a num- now recommended, but acknowledgment must be made 
ber of similar expressions of opinion have appeared in to Bohr? and to Bury’ for the clarification of the posi- 
THIS JOURNAL. But year after year the illogical and tion of the ‘‘transitional’” and “rare-earth” elements, 
outmoded short form of the periodic table continues to The part played by others is adequately summarized 


THE MODERN PERIODIC TABLE 


TABLE 1.—THE PERIODIC ARRANGEMENT OF THE CHEMICAL ELEMENTS (with Atomic Numbers) 





Group Numbers 








Period 3 K 5a 6a | 7a 8 
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2 Elements 
II 

8 Elements 
Ill | 

8 Elements 2 | Transitional Elements 





























IV S V ong Mn Fe 
18 Elements 2 23 23 24 25 26 





Vv Cb Mo Ma Ru 
18 Elements 41 42 43 44 


VI Ta Ww Re Os 
32 Elements 5 5 a7! 73 74 75 76 











VII Pa U 
6 Elements 91 92 
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* Earth El t 
Rare Ea: ements 58 59 60 61 














reign. It seems to me that it is high time for some in the excellent article published by G. N. Quam and 
organization, such as the Division of Chemical Educa- M. B. Quam in TuIs JourNAL in 1934.4 

tion of the American Chemical Society, to sponsor a The modern periodic table, shown in Table 1, which 
simpler and more useful form of the table and to make is simply an orderly array of the elements with all un- 
an effort to induce textbook writers to adopt it as the necessary ornamentation omitted, has been found 
standard type. Until the authors of secondary-school highly satisfactory for instructional purposes. It has 
and college textbooks have been led to accept the mod- the following advantages. 

ern periodic table, the readers will continue to be handi- 
capped and confused in their thinking about the perio- (a) The number of elements in each period is clearly 
dicity of chemical and physical properties. This topic indicated. 
is admittedly not well presented in secondary schools (6) The inert gases, elements which have all of their 
and is frequently omitted, one reason for this undoubt- electron shells filled, are placed at the end of 
edly being the continued use of the short form of the the periods. 

table which detracts from the clarity of the subject. (c) The normal elements, those with all but the outer 
The Periodic Law, one of the great generalizations of electron shell filled, immediately follow or 
science, ought to be one of the major topics of instruc- precede the inert gas group. 


i i ducing it in its relation to atomic 
tion, but only by introducing it in i eee a Nature 107, 100 (1901 


). 
1 LUNDELL, G. E. F. AND J. L. HorrMan, “‘Outlines of methods 3 Bury, N., . Soc., 43, 1602 (1921). 
of chemical analysis,”” John Wiley & Sons Co., Inc., New York 4 Quam, G. N. AND MB B. Quam, J. Cue. Epvc., 11, 27, 217, 


City, 1938, p. 4. 288 (1934). 
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@) The transitional elements, with two unfilled elec- 
tron shells, are separated from the non-metal- 
lic elements. 

() The rare-earth elements, defined as those with 
three incomplete electron shells, are shown to 
be those of atomic numbers 58 to 70, while La 
and Lu, which have only two incomplete elec- 
tron shells are classified as transitional ele- 
ments.*»® 

(f) Interpretation of the periodicity of the elements, 
in terms of atomic structure, is facilitated. 

(g) Erroneous analogies between a and 6 group 
elements are avoided and family relationships 
are not obscured. 

(h) The table is easy to reproduce, an advantage not 
to be minimized. 

Up until about 1925, perhaps one might have been 
justified in using the obsolete shorter form of the table, 
as the theory of the structure of atoms now generally 
accepted was just beginning to penetrate the more 
dementary literature. At the present time, however, 
knowledge of atomic structure is so far advanced that 
the use of the longer form is practically obligatory, and 
one owes it to the student to present him with it right 
from the start. As the course develops, he should be- 
come familiar with the many correlations between the 
chemical and physical properties of an element and its 
position in the table. 


STRUCTURE OF IONS 


In the short form of the periodic table, the ionic 
valence, or the charge possessed by the simple ion, of an 
element is overshadowed by the emphasis on group 
number. By separating the transitional elements, the 
telationship between ionic charge and atomic structure 
isrevealed more clearly, and instead of merely the inert 
gas type, several general types of simple ions are recog- 
nizable, all of which are produced by the loss or gain of 
dectrons. In the following tabulation, those which are 
derived from transitional or rare-earth elements are 
italicized. 

(1) Regular structures. 
(2) No electrons (Neutron Structure) 


n < H!* (as in HF) 


(6) Two external electrons only (Helium Structure) 
H!- — He + Lilt, Be?*, (B3+) 


(c) Eight electrons in outermost shell (Inert Gas 
Structure) 


or, Fi- =—> Ne< Na!*, Mg?*, Alt 
St. Cll- <« A <— Kit Cat Sctt, Ti+ 
Se?-, Bri- — Kr <— Rb!*, Sr**, Y3+, Zrtt 
Te?-, po —> Xe = Cs!t, Ba?*, La*t6é 
Po?-, 85'- — Rn< 87!+, Ra*t, Ac*+, Tht 
5PartincTon, J. R., “Textbook of inorganic chemistry,” 
The Macmillan Co., London, 5th ed., 1937, pp. 473-4. See 
Particularly Roy Gardner’s interesting periodic table, p. 474. 
6 While the rare-earth elements, as well as Lu, form ions with 
acharge of 3+, the internal structure of these ions is not like 
that of Xe, nor is it for Hf*+. 
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(d) Eighteen electrons in the outermost shell (Nickel 
Group Structure) 
Ni? — Cut, Zn?+, Gat 


Pd? — Ag!+, Cd?+, In*+, Sn*t 
Pt? <— Aut, Hg**, T1**, Pb*t 


(e) Eighteen plus two electrons in the outermost shell 
(Zine Group Structure) 
Zn° < Ga!*t, Ge?t 


Cd9 — In'+, Sn? 
Hg® + Ti'+, Pb?+ 


(2) Irregular structures. 


(a) A few anomalous ions, like Hg't and Ga?t, 
‘which are possibly double, [Hge]** and 
[Ga,]**+, are encountered among the nor- 
mal elements, but positive ions with a charge 
greater than 4+ and negative ions with a 
charge greater than 2— are not capable of 
independent existence. All other combinations 
into which the normal elements may enter 
are partially or completely covalent. 

(6) Most of the ions formed by the transitional ele- 
ments have configurations in which there re- 
main incomplete electron shells. One of the 
outstanding characteristics of the transitional 
elements is their variable valence. 

(c) Some of the rare-earth elements, in addition to 
forming ions with a charge of 3+, also form 
ions with charges of 2+, 4+, or 5+. In all 
of these there are incomplete electron shells 
and none of the ions has an inert gas struc- 
ture.” 


As defined on the basis of atomic structure, then, the 
term transitional element refers to the group of metals 
in which both the uppermost electron shell and the one 
immediately under it are incompletely filled, and the 
term rare-earth element, to those with three incomplete 
shells. Many textbook writers continue to give the ex- 
pressions obsolete and limited meanings, using the 
former to refer only to Group 8 and include both La and 
Lu under the latter. They overlook the important 
generalizations which may be made concerning the be- 
havior of all these elements and the interpretation of 
their properties in terms of their structures. In only 
one elementary textbook’ which has come to the au- 
thor’s attention is there a general survey of the physical 
and chemical properties of the ¢ransitional elements as a 
related group. Some of these generalizations may well 
be called to the attention of students even in an intro- 
ductory course and are given in the following list. The 
rare-earth elements are usually not discussed separately, 
because of their limited uses, but most of the statements 
below apply equally well to them. They have, in addi- 
tion, many striking characteristics of their own.”® 


7 Pearce, D. W. anv P. W. SELtwoop, J. Cuem. Epuc., 13, 
224 (1936). 

8 Hopkins, B. S., ibid., 13, 363 (1936). 

® CaRTLEDGE, G. H., ‘‘Introduction to inorganic chemistry,” 
Ginn and Co., Boston. 1935, Chapter 21. 
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PROPERTING OF THE TRANSITIONAL ELEMENTS 


(1) The transitional elements are all grey-white 
metals, crystallizing in regular, close-packed structures, '” 
often possessing outstanding properties of hardness, ten 
sile strength, malleability, ductility, and electrical re 
sistence, and included among them are the elements 
with the highest density, melting point, and boiling 
point,” 

(2) In any one period, because of the practically 
constant size of the ions, the properties of the transi 
tional elements depend primarily upon the state of 
oxidation, and if the members are compared in the same 
state of oxidation, their compounds are found to be very 
similar, In passing from titanium to nickel, for ex 
ample, the atomic number is increased by six units, but 
there is no marked change in properties, The chlorides 
in which the metals are divalent are very similar and 
show only a gradual increase in stability, A similar 
constancy of properties is observed with these same 
elements in other states of oxidation, ‘This behavior is 
in marked contrast with that of the normal elements 
which, in a comparable span in the third period, change 
from a highly electropositive metal (Na) to a highly 
electronegative non-metal (CI)."!! 

(3) In any one group of the transitional elements, the 
stability of compounds, in which the elements appear 
in their highest possible states of oxidation, increases 
with increasing atomic number, Ilron, for example, is 
found in only very unusual compounds with an oxida 
tion number greater than ‘Aree, but osmium is most 
stable with an oxidation number of eight. 

(4) It is characteristic of the transitional elements 
that variations in valence occur in steps of one unit, in 
contrast to the normal elements in which the steps are 
of Ave units, 

(5) The transitional and rare-earth elements alone 
have the property of forming simple ions which are 
colored, and they are the only elements which exhibit 
paramagnetism either as metals or in simple or complex 
ions, These properties are associated with atoms or 
ions with incomplete inner shells and disappear when 
the ion assumes a “regular’’ structure. The divalent 
copper ion which has an incomplete inner shell, for ex- 
ample, is colored blue and is paramagnetic, but the 












































* Ferneiius, W. C. ano R, F, Rongy, J, Cum, Epvc,, 12, 58 
(1935), 

" Burier, J. A. V., “The chemical elements and their com- 
pounds,” The Macmillan Co,, London, 1926, 
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univalent copper ion, with a complete shell of eightey 
electrons, is colorless and diamagnetic," 

(0) Copper, silver, and gold act as transitional ep 
ments except when the state of oxidation is one, 

(7) All the transitional elements exhibit’ the phe. 
nomenon of passivity, a property not found in many of 
the normal elements, and they show marked catalyt 
activity in the free state, in alloys or in compounds, 

(8) One of the important properties of these elementy 
is their remarkably strong tendency to occupy the cen. 
tral position of complex cobrdination compounds, ag jy 
the platinum and cobalt amines, 

(9) Transitional elements and rare-earth elements do 
not form normal hydrides either of the salt-like type, 
such as NaH, or of the volatile type, like CHy, If hy: 
drides are formed, they are probably interstitial com. 
pounds since the proportion of hydrogen varies with 
the pressure and temperature," 

(10) ‘The tendency for the transitional elements to 
form organo-metallic compounds is very weak and only 
in a few instances have stable derivatives been pre 
pared,'* 

(11) ‘Transitional elements have a marked tendency 
to form metal carbonyls, and they are the only elements 
which form volatile ones, In many of these compounds 
the state of oxidation of the metal is sero and the effec 
tive atomic number is that of an inert gas,'® 


CONCLUSION 

Inevitably there must be a lapse of time between the 
announcement of scientific advances and their incor 
poration into elementary courses, but it is unfortunate 
when the lag is due to the inertia of textbook writers 
and not because of inherent difficulties of the concepts, 
It is to be hoped that such authors will gradually begin 
to recognize the validity of the remarks of Fritz Paneth 
in his 1926-27 lectures at Cornell University, ‘For most 
physical considerations, such as comprehension of the 
periodic system from the standpoint of atomic struc 
ture, and also for many chemical discussions, the long 
period system is to be preferred,’''” 

18 Rongy, R. fF, anp W. M, Dux, J. Crm, Epue,, 14, 414 (19987), 

‘8 EmMeLtus AND ANDERSON, ‘Modern aspects of inorganic 
chemistry,"’ D, Van Nostrand Co,, Ine., New York City, 1938, p. 
231, 

'GinMAN, H,, editor, “Organic chemistry,” John Wiley & 
Sons, Inc,, New York City, 1938, Vol, I, Chapter 4. 

%® Trout, W. E., J, Cum, Epuc,, 14, 458, 575 (1937); 15, 7, 
118 (1938), : 

 Panrru, F., ‘Radio-elements as indicators,’’ McGraw-Hill 
Book Co,, New York City, 1928, p, 182, 














ORGANIC NOMENCLATURE RULES 


rhe Organic Division and the Nomenclature, Spelling and Pro- 
nunciation Committee of the American Chemical Society have 
distributed many copies of Austin M, Patterson’s 7vanslation 
with Comments of the Definitive Report of the Commission on the 
Reform of the Nomenclature of Organic Chemistry, The supply 
of reprints was exhausted some time ago but since strong de- 
mand for copies has continued arrangement has been made for 
planographic reprinting. The Organic Division and the Nomen- 








clature Committee have codperated in this undertaking, The 
new reprints have the advantage over the old ones of includ: 
ing the latest text adopted tentatively at Lucerne in 1936 
and confirmed with slight modifications at Rome in 1938 of (1) 
the rule for the nomenclature of the derivatives of phosphorus, 
arsenic, antimony and bismuth and (2) the rule for the nomen 
clature of cyclic derivatives having side chains. The new re 
prints also contain an index prepared by Doctor Patterson. 
Copies of the up-to-date report can be obtained by sending tem 
cents to the Chairman of the Nomenclature Committee, E. J: 
Crane, The Ohio State University, Columbus, Ohio, 
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Acheson Industries Ine,, 


A comprehensive survey of colloidal graphite as known 
modern industry, in which its development is traced 
from its earliest conception by I, G, Acheson, Tow the 
Mblical story of the use of straw in brick making bears 
directly on the birth of this unique material is explained. 
A brief description of the nature of colloids and the laws 
which they obey, precedes a detailed discussion of the 
modern industrial uses of colloidal graphite. X-ray 
and electron diffraction procedures are also discussed, 
How these new tools of science explain some hitherto 
litle-understood phases of graphite lubrication is revealed. 
The article is concluded with a survey of the uses of col 
loidal graphite in applied electronics and experimental 
ology. 


HISTORICAL 


S AN outgrowth of his work on silicon carbide 
(“Carborundum’’), Edward Goodrich Acheson, 
in 1806, invented the first successful process for 

the commercial manufacture of artificial’ graphite. 
He discovered that any form of amorphous carbon, 
when placed in an electric furnace and subjected to a 
temperature of approximately 3000°C., was con 
verted into the graphite allotrope. Graphite, so pro 
duced, could, dependent upon the raw material em 
ployed, be obtained in a state of almost perfect purity. 

Although most of his early production was in the 
form of rods and plates for electrode use, Acheson was 
of the firm belief that his graphite, because of its high 
degree of purity, could, despite its somewhat higher 
cost, compete with the natural varieties being mined 
extensively in Ceylon, Madagascar, Mexico, and do 
mestically in the State of New York. 

The greatest outlet for mined graphite, during that 
period, was the crucible trade. The manufacture of 
steel had already become a flourishing industry and the 
demand which it created for crucibles of sturdy con 
struction had reached considerable proportions. Ache- 
on, fully aware of the requirements for an article of 


ee 


' Artificial in the same sense that manufactured ice is artificial. 


COLLOIDAL GRAPHITE. 
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ITS 
PREPARATION, PROPERTIES, and 
DIVERSIFIED USES m INDUSTRY 


RAYMOND SZYMANOWITZ 


New York City 


this type, directed his attention to a search for a suit 
able bonding material for his graphite, After 
ducting a series of unsuccessful tests with American 
clays, he learned that those engaged in erucible manu 
facture were employing, a9 binders, clays imported 


Con 





Underwood ant Underwood 


Eowarpn Goonouicn Acnesom 1856-1931) 


Discoverer of ‘Carborundum’”’; the first to produce syn 
thetic graphite commercially and the originator of colloidal 
graphite 


from Germany. These, because of their high degree of 
plasticity and greater tensile strength, were far su 
perior to domestic earths. 

This difference in performance aroused Acheson's 
curiosity, and created within him a desire to learn 
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why two clays of similar chemical composition should 
vary so widely in physical properties. In the course of 
his study, he found that the German clays were, for the 
most part, of sedimentary origin, while the domestic 
varieties with which he had worked were residual. He 
concluded that whatever change the more plastic 
sedimentary clays underwent probably occurred while 
they were being carried from their original beds to the 
point where they were ultimately deposited. Working 
on the theory that the vegetable matter contained in 
the water effecting the transfer might be responsible, 
Acheson proceeded to carry the problem to his labora- 
tory. Here he started a new line of research which 
embodied the treatment of kaolin with aqueous solu- 
tions of numerous organic compounds, trying in the 
course of his work such materials as phenol, creosote, 
gallo-tannic acid, catechu, and extracts of straw. 
While the majority of his tests yielded negative results. 
Acheson was encouraged by the trials made with 
gallo-tannic acid, catechu, and straw. He found, for 
example, that clay, when pugged with tannin-like bodies, 
produced a plastic mass which could be molded with 
a minimum amount of water to produce a dried clod 
that possessed greater hardness and a higher tensile 
strength than it was hitherto possible to obtain with 
the American earths that had been brought to his at- 
tention. 

The effect of vegetable matter on clay was truly as- 
tonishing and led Acheson to make an extensive search 
of the literature to determine whether any investigators 
had reported a similar observation. It should be re- 
membered that Acheson was a stranger to the art of clay 
working, which fact proved valuable in that he was not 
influenced by the efforts of others. After a lengthy 
study of the literature on ceramics failed to yield the 
information he sought, Acheson recalled the Biblical 
story dealing with the brick-making exploits of the 
Egyptians as set forth in the fifth chapter of Exodus. 
Acheson’s thoughts in this connection follow. 


“The accepted theory of using the straw fibre as a binding 
agent for the clay had never appealed to me, and it now seemed 
likely that those ancient people were familiar with the effect 
I had discovered. I procured some oat straw, boiled it in water, 
decanted the resultant reddish brown liquid, and mixed it with 
clay. The result was like that produced with gallo-tannic 
acid, and equal to the best I had obtained. This explained 
why the straw was used, and why the Children of Israel were 
successful in substituting stubble for straw, a course that would 
hardly be possible were the fibre of the straw depended upon 
as a bond for the clay, but quite feasible where the extract of 
the plant was used.” 


In view of this reasoning Acheson concluded that 
“Egyptianized Clay’’ would be a fitting name for 
straw-treated earths. 

This new discovery, despite its seeming importance, 
proved to be of little immediate value. It was found, 
in the course of subsequent work, that electric furnace 
graphite was too pure and lacked the physical structure 
required to render it suitable for crucible fabrication. 
Furthermore, when Acheson endeavored to utilize the 
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“Egyptianized” product in the making of ceramic ware, 
shrinkage of articles produced with it was greater tha 
the industry would tolerate. Also, cracking could not 
be overcome, with the result that the process failed tp 
gain commercial recognition. 

What Acheson had actually accomplished in the 
treatment of his clay, was to effect a reduction in par. 
ticle size to a point where much of the material was 
rendered colloidal. Today it is a well-known fact that 
a clay with an excessively large amount of fine particles 
becomes sticky and difficult to work. It is also ap 
accepted fact that fineness or grain is important only 
to the point where it does not unduly affect other im. 
portant properties, such as drying conduct, drying 
shrinkage, warping, tensile or transverse strength, 
and’ bonding strength. It is quite possible that Acheson 
could have overcome the shortcomings of his product 
had he mixed his clays with coarser material. 

The unctuousness of natural graphite had long made 
it useful as a solid lubricant, either alone or when in- 
corporated with grease. It was especially advanta- 
geous for applications where heavy pressures and high 
temperatures were factors with which one had to con- 
tend. Natural graphite, unfortunately, was usually 
found to be contaminated with abrasive, silicious 
bodies which made impossible its use in anything but 
what might be termed coarse mechanisms. Even 
though refinement methods have steadily improved, 
it has been practically impossible to produce a final 
product devoid of objectionable impurities because of 
the similarity in specific gravity of graphite and the 
foreign bodies with which it is associated in nature. 
Acheson’s electric-furnace graphite, on the other hand, 
could be produced, as cited above, in a remarkable 
state of purity. This advantage, coupled with its 
unctuousness, made it outstanding for lubrication 
purposes. Knowing that graphited greases possessed 
certain advantages over plain greases, he felt a similar 
beneficial effect would be had in the case of oil lubrica- 
tion if petroleum bodies could be made to carry graph- 
ite in suspension. Powdered graphite, however, 
whether natural or artificial, with its specific gravity of 
approximately 2.25 could not, of course, be kept in sus- 
pension in mineral oils without constant agitation. 
It was only when Acheson recalled his early work 
with clay and its colloidalization—or deflocculation, 
as he termed it—with vegetable extracts that an 
achievement of this kind seemed possible. 

In 1906 when Acheson duplicated his experiments, 
using electric-furnace graphite instead of clay, he 
found that nutgalls, tea leaves, sumac, hemlock bark, 
oak bark, and similar tannin-rich bodies deflocculated 
or colloidalized graphite parallel with the manner in 
which straw extract effected a reduction in the particle 
size of clay. Although this process yielded stable 
suspensions of graphite in water (1), Acheson soon 
learned how to produce equally stable dispersions in 
mineral oil (2). This work ultimately led to the com- 
mercial manufacture of the products marketed under 
the trademarks “‘Aquadag’”’ and ‘‘Oildag.”’ 
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CONCERNING COLLOIDS 


The term colloid was originally applied to substances 
that were jelly-like in form, typified by such things as 
gue, gelatin, and albumen. This designation, however, 
was eventually broadened and now includes all matter, 
regardless of phase, so long as the size of the unit 
particle is within the arbitrary range of 1-500 milli- 
microns. The division between the colloidal and non- 
colloidal realm, however, cannot be clean-cut. Bartell 
(3) very aptly treats of this point in the introduction 
of his laboratory manual when he says, 


“There does exist a difference of opinion as to the exact limits 
of magnitude which should be assigned to the individual units, 
but this difference is not of particular importance, inasmuch 
as there is no sharp line of demarcation between colloid state 
and true solution on one hand, nor between colloid state and 
suspensions on the other. The colloid range which might be 
assigned to a given material would very probably differ from 
that which might be assigned to some other type of material of 
different density or different degree of hydration or with other 
differences in physical properties.” 


In the broadest sense one might look upon colloids as 
“that form of matter which is in the ‘twilight zone’ 
between coarse suspensions and substances in true 
solution.”’ 

Colloids are not only characterized by fine particle 
size but possess other properties peculiar to matter in 
this state. When a substance is rendered colloidal, 
the particles acquire an electric charge. Whether this 
charge is positive or negative? depends upon the 
nature of the material and the relationship of its 
dielectric constant to that of the medium in which it is 
dispersed. Probably the outstanding characteristic of 
a colloidal substance is its ability to remain suspended 
for indefinite periods, regardless of its density. In 
liquid systems this apparent disregard of the law of 
gravity is due to the charge on the particles—since 
bodies charged alike repel each other—and the fact 
that the minute masses are constantly being bom- 
barded by molecules of the carrier. This phenomenon, 
known as Brownian Movement, is visible under the 
ultramicroscope. When a colloidal solution is con- 
taminated with an electrolyte, the electric charge on 
the particles is neutralized, resulting in coagulation and 
ultimate precipitation. Similarly, when a colloid is 
mixed with a second colloid carrying a charge of 
opposite sign, co-precipitation takes place. 

Colloids may be divided into two large classes, the 
lyophilic which evidence great affinity for their carrier, 
and the lyophobic which are literally carrier-fearing. 
A lyophilic colloid is said to be reversible, or capable of 
being resuspended. The lyophobic or irreversible 
colloids lose their colloidal properties once they have 
been freed of their carrier. Common lyophilic colloids 
are gum, glue, gelatin, albumin, agar-agar, and so 
forth. Lyophobic materials are chiefly inorganic 


2 A charged particle, like an ion, is capable of migrating to an 
electrode charged oppositely (Electrophoresis). It is thus 
possible to determine whether the particle charge is positive or 
negative. 
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bodies, such as the elements, and inorganic compounds 
thereof. Since an irreversible colloid lacks the sta- 
bility possessed by the reversible variety, it is usually 
necessary to add a protective agent in the form of a 
lyophilic body. The adsorption of the lyophilic ma- 
terial by the lyophobic alters the surface properties of 
the latter and exerts other influences which make for 
greater resistance to the forces responsible for coagula- 
tion. 

Because of the minuteness of particles composing 
colloidal materials, they have a large surface area for 
their mass, causing them to exhibit marked surface 
energy. It is this property which explains the readi- 
ness with which most colloidal materials are adsorbed. 


PREPARATION OF COLLOIDAL GRAPHITE 


Colloids of the lyophobic type may be prepared by 
chemical, mechanical, electrical, or electrochemical 
means. The method to be chosen depends upon the 
material to be processed. In the case of simple inor- 
ganic compounds, one can resort to oxidation, reduc- 
tion, hydrolysis, and even simple metathetical reac- 
tions. In some instances it may be advantageous to 
effect diffusion by electrochemical procedures. Where 
substances do not react readily, or otherwise do not 
lend themselves to oxidation or reduction, it may be 
necessary to employ electrical disintegration methods 
through the agency of a direct current arc. In such 
cases, where the physical structure of a solid permits, 
colloidalization may be brought about by mechanical 
disintegration. 

Graphite, being a lamellar material and at the same 
time quite inert chemically, is usually rendered col- 
loidal by mechanical subdivision. The process of 
Acheson, already described, is a mechanical one. 
Plauson (4) resorts to a “colloid” mill or high-speed 
mechanical disintegrator, using as protectors such 
compounds as fatty acids, esters, ethers, or ketones of 
high molecular weight. It is claimed that good sus- 
pensions are obtained with this device. If the graphite 
is subjected to a very prolonged treatment, a colloid 
is alleged to result. 

Ducas (5) forms dispersions of graphite in oil by 
crushing the latter in the presence of what he terms 
“natural colloids,’ particularly petroleum bodies rich 
in tar. To stabilize aqueous suspensions he uses cer- 
tain gums and tannates. 

Pigache (6) claims to achieve a satisfactory result by 
subjecting graphite to attrition in the presence of 
gelatine. 

All of these processes are basically not unlike Ache- 
son’s original method, the novelty appearing to lie in 
the technic followed and the lyophilic protective 
bodies chosen. 

Karplus (7) has devised a chemical method of col- 
loidalizing graphite which is based upon Brodie’s (8) 
process of converting graphite into graphitic acid. 
When graphite is acted upon by strong oxidizing agents, 
such as a mixture of potassium chlorate and concen- 
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trated nitric acid at a temperature of 60°C. for several 
days, there is formed a yellow crystalline solid, re- 
ferred to as graphitic acid. 

When this is subjected to gentle heat, it decomposes 
with almost explosive violence to what has been termed 
pyrographitic oxide—a black amorphous residue which 
bears strong physical resemblance to graphite. The 
exact composition of this material has been disputed, 
but Spence (9) considers it to be pure graphite (“‘Bro- 
die’s Graphite’). Karplus claims that by altering 
both the oxidizing agents and the temperatures at 
which the reaction is carried on, he is able to bring 
about physical disruption of graphite crystals without 
the attendant formation of graphitic acid. This in- 
vestigator, who employs natural graphite in his process, 
may be obtaining an effect with his oxidizing mixture 



































FIGURE 1.—THE ARRANGEMENT OF CARBON 
ATOMS IN GRAPHITE CRYSTALS AS DEDUCED FROM 
X-Ray DIFFRACTION EXPERIMENTS 


somewhat like that noticed when certain varieties of 
graphite are moistened with fuming nitric acid. A 
swelling of the crystals results, forming so-called 
“graphite worms.”* It is believed that the capillary 
structure of natural graphite permits the absorption 
of the acid. When heated the gases which result from 
the decomposition of the acid break down the lamellar 
structure of the graphite to form extremely fine dust 
(10). Karplus’ process, of course, like most that deal 
with the preparation of colloids, is a wet one through- 
out. 


PROPERTIES OF GRAPHITE 


Both the mined and manufactured varieties of 
graphite possess important properties which make this 
allotropic form of carbon valuable for many diversi- 
fied uses in industry. 


3 Electric-furnace graphite, unlike the natural product, does 
not display intumescence when treated with nitric acid. 
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Although graphite is carbon chemically, its properties 
differ widely from those of amorphous carbon and the 
diamond. It is an unusually soft material, having g 
hardness on Moh’s scale of between 0.5 and 1.0. The 
specific gravity of graphite varies somewhat with jts 
source, falling between 2.1 and 2.4. In addition to 
being highly unctuous, it has a low coefficient of ex. 
pansion; is a good conductor of heat and electricity. 
is radio-inactive and highly resistant to electron bom. 
bardment. 

Chemically, graphite is quite inert, being incombys. 
tible at temperatures below 660°C. It is unaffected by 
the free halogens and shows no tendency to dissolve in 
acids and alkalies, regardless of concentration.‘ All 
of these properties, of course, are retained when the 
material is colloidalized. 


PRACTICAL APPLICATIONS OF GRAPHITE: LUBRICATION 


Because of the greasy feel possessed by graphite, its 
suitability as a dry lubricant has long been recognized, 
Being a solid which is highly resistant to oxidation and, 
at the same time, chemically stable under conditions 
that are destructive to fluid lubricants, graphite is of 
considerable value as a friction reducer in many in- 
dustrial applications. This is especially the case where 
high temperatures are involved; where fluid lubricants 
are absorbed, as in the case of wood bearings and shafts; 
and in looms used for the production of laces and tex- 
tiles where the fabrics being woven are liable to stain 
from oils and greases. 

Carefully machined parts, even though seemingly 
smooth, reveal, under the microscope, surfaces made up 
of a multitude of projections and depressions. It is 
this roughness of the rubbing surfaces that is mainly 
responsible for friction and wear. If the depressions 
are filled in or the projections leveled, the coefficient 
of friction® is reduced. 

Dry graphite, in dust form, when injected between 
bearings and shafts acts to some extent as a smoothing 
and polishing agent. When abrasion takes place be- 
tween unpolished surfaces there is a tendency for the 
projections of one rubbing member to shear off the 
peaks of the opposing member. However, when 
abrasion occurs between parts lubricated with graphite, 
the particles of the latter, which are weak in cohesive 
properties, suffer rupture rather than the strongly co- 
herent metallic faces. 

Adam (12) clearly explains the mechanics of dry 
graphite lubrication in terms of the structure of the 
graphite crystal. (See Figure 1.) He says, 


4 Graphite is oxidized to a slight degree to CO, CO,, and 
graphitic acid by KCIO; plus HNO;, CrO; plus He2SO,, and KMnQ, 
plus H:SO,. In each case, however, it is the oxidizing agent 
rather than the acid that is responsible for the conversion. 

5 Archbutt and Deeley (11) describe the coefficient of friction 
as “that value which when multiplied by the pressure normal 
to the surface in contact gives the measure of the maximum 
frictional resistance to motion.” For example, if a slider weigh- 
ing 2240 Ibs. requires a force of 350 lbs. to put it into motion, 


i SAND : 350 
the coefficient of friction is 0.156, 7. e., 5940 = 0.156. 
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“Graphite consists of plane sheets of carbon atoms, of in- 
definite and large extent, exceedingly tightly linked together in 
the sheets; each sheet is, however, rather loosely attached to 
the next sheet parallel to it, and sliding or separation can easily 
take place. It is known, from studies of electron diffraction, 
that graphite is easily attached to metal surfaces, these sheets 
being parallel to the surface; the sheets afford protection against 
seizure between the metals. When real contact occurs, it will 
be between the outside of the sheets of graphite and not between 
the metals. When separation occurs, graphite is the weakest 
link in the bridge, and breakage occurs in the graphite and not 
in the metal.” 


The electron diffraction studies to which Adam 
alludes have been carried on by several investigators, 
particularly Finch and his co-workers (13). 

When a single beam of electrons is made to impinge 
upon a surface it is deflected into a series of beams, the 
directions of which are governed by the arrangement of 
the atoms comprising the surface. This comparatively 
new technic for examining matter provides not only a 
means of identifying substances but offers a method 
for determining the orientation of atoms comprising a 
surface. Electron diffraction methods differ from 
X-ray procedures in that electrons are poor in pene- 
trating power and hence are, by necessity, confined to 
surface explorations.® This method has been employed 
to prove the existence of graphoid surfaces on friction 
parts which have been consistently lubricated with oil 
containing colloidal graphite. 

The cast iron from which the motor blocks of internal 
combustion engines are made is reasonably rich in free 
graphite. The electron diffraction camera shows that 
when such iron is subjected to a rubbing action the 
graphite flakes are spread over the surface to provide a 
film possessing low friction properties. (See Figure 2.) 
Finch and Zahoorbux (14), in commenting on this 


point, say, 


“The presence of graphite in cast iron accounts for its self- 
lubricating properties, but in certain cases this graphite supply 
is inadequate and can only be replenished by the opening of 
fresh pores as the result of wear, unless an external source of 
graphite is furnished. Indeed, it has become usual to add small 
amounts of colloidal graphite to the lubricating oil for graphite- 
free metals as well as for cast iron. An orientated graphite 
layer is soon formed on a bearing surface run-in with such a 
graphitized oil. The authors have found that a bearing, neither 
of whose elements is cast iron, but which has been lubricated 
with graphitized oil, can run without damage or seizure in a 
dry condition for a much longer period than one previously 
lubricated only with plain ungraphitized oil. Since under 
normal running conditions the oil film at some point or other 
continually undergoes momentary rupture, the chief function 
of the graphite is to prevent ‘pick-up’ during these brief periods 
of oil-film breakdown.” 


In subsequent work Finch and Whitmore (15) 
made studies to determine why a surface which had 
been lubricated with colloidal-graphited oil is able to 
tun without injury for a considerable period of time 
after the oil supply had been interrupted. They 


——— 


6 For a review of electron diffraction research cf. CLARK, G. 
L., AnD E. Wo ttuuts, “A résumé of electron diffraction,” J. 
Cuem. Epuc., 15, 64-75 (1938). 








found that during the formation of the Beilby layer 
(16) any graphite which may be present in the lubri- 
cant is virtually kneaded into the plastic metal, thus 
becoming entrapped in the amorphous surface layer. 
Previously, it was difficult to understand why ex- 
tremely thin layers of adsorbed graphite were able to 
provide extended lubrication in the absence of fluid 















A B 
FIGURE 2 


A represents the type of electron diffraction pattern ob- 
tained when cast iron is abraded. B is the pattern produced 
when an electron beam impinges upon a graphoid surface. 
Note similarity of figures obtained. In A the graphite is 
supplied by the cast iron, while in B, colloidal-graphited lubri- 
cant is responsible for the characteristic graphite pattern. The 
series of vertical spots indicates that the graphite particles are 
oriented, as is always the case when a graphite surface is sub- 
jected to a rubbing action. 


lubricants. The observations of Finch and Whitmore 
thus offer a plausible explanation. These investigators, 
in summarizing their efforts, state, 


“These experiments show that graphite is actually absorbed 
into the amorphous surface layer of the metal formed during 
running-in with an oil containing colloidal graphite. It remains 
to explain how this occurs. We know that running-in consists 
essentially in the formation, by a liquid-like flow of the metallic 
surface, of an amorphous, 7. e., vitreous-like, Beilby layer on the 
bearing surface. If, as is the case when a graphited lubricant 
is used, an adherent film of graphite is present on the metal 
surface when flow is occurring, it is not difficult to see how graph- 
ite can become occluded, by ‘rolling-in,’ as it were, into the flowed 
layer. This view is supported by the fact that the greatest 
amount of graphite absorption by the Beilby layer occurs in 
the metals which flow most easily.’ 


The value of graphite as a solid lubricant is of major 
importance in connection with devices operating at 
high temperatures, typical of which are: baking oven 
chains, kiln cars, glass-making machinery, and so 
forth (17). For such applications it is customary to 
use colloidal graphite dispersed in a fairly volatile oil 
having good penetrating properties. The petroleum 


carrier serves primarily as a vehicle to convey the 
graphite to remote parts. When subjected to heat, the 
oil distils off, leaving the graphite as a residue to 
function as a dry lubricant. 

The presence of a solid lubricant, colloidally sus- 
pended in an oil, is of great value where boundary or 
New machinery having 


thin film conditions prevail. 
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unusually close-fitting parts, mechanisms operating 
under severe temperatures and pressures, and devices 
in general suffering a diminished oil supply, offer 
typical examples. 

When a friction surface is lubricated with colloidal- 
graphited oil, adsorption of the graphite takes place 
through the surface energy of the metal coming into 
play (18). This graphoid film, in addition to discourag- 
ing friction, because of its ability to satisfy surface 
energy, displays a pronounced affinity for any oil that 
may be brought in contact therewith. Bachmann and 
Brieger (19), in the course of their research to de- 
termine if there existed a relationship between the 
lubricating quality of oils and their heats of wetting 
with metals, found that the forces acting between 
graphite and oil are more than seven times as great as 
those existing between copper and oil. Inasmuch as a 
surface that is more readily wetted is one that is more 
difficult to wipe clean, it follows that oil films that are 
spread upon graphoid surfaces are less liable to rupture 
than those in contact with metallic bodies. The 
affinity between graphite and oil is a most useful prop- 
erty under severe operating conditions and may ex- 
plain the ability of graphite to raise the critical tem- 
perature’ of oils as much as fifteen to twenty degrees 
Centrigrade (20). 


WIRE DRAWING 


Colloidal graphite’s unusual qualities as a dry 
lubricant have enabled it to play an important part in 
the development of tungsten as a filament material 
for incandescent lamps. After a group of scientists 
working at the General Electric Company’s laboratories 
at Schenectady, New York, had achieved the seemingly 
impossible feat of producing ductile tungsten, they 
were still confronted with difficulties which prevented 
them from commercializing their discovery. In the 
working of tungsten, after its reduction in rod form 
from its oxide in a hydrogen atmosphere, it is swaged 
repeatedly until its cross-section approaches the di- 
ameter of a coarse wire. The metal in this form is then 
subjected to a number of draws through diamond dies 
until the wire size is that of the filaments found in 
present-day lamps. These delicate strands, unfor- 
tunately, during the early days of tungsten drawing, 
broke with frequent regularity in their passage through 
the carefully drilled diamonds. Furthermore, these 
costly dies wore excessively, requiring their constant 
replacement. It was felt that if a satisfactory wire- 
drawing lubricant could be obtained, both die wear 
and wire breakage could be minimized. 

The manner in which colloidal graphite dispersed in 
water ultimately solved this problem and made pos- 
sible the production of tungsten filaments on a huge 
scale is described by Colin G. Fink (21), one of the 
chemists at the General Electric Laboratories engaged 
on this project, 


? The critical temperature of an oil is that temperature above 
which it ceases to function as a lubricant. 
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“Hot drawing of metals through diamond dies was not ay 
art that had been practiced or developed at that time and while 
in the midst of this search for a suitable lubricant I happened 
to come to New York over the week-end to visit my father. 
While in New York I attended a lecture given by Dr. Acheson at 
the old Chemists’ Club rooms. Dr. Acheson at this lecture 
described his discovery of ‘Aquadag.’ I remember distinctly 
how he referred to the Egyptians using straw in making brick 
and suggested that it was the tannic acid in the straw that had 
such a marked effect on the properties of the clay they employed, 
In like manner this principle was applied to ‘Aquadag,’ Dr, 
Acheson demonstrated before us some of the remarkable proper. 
ties of ‘Aquadag’ and at the completion of the lecture I went 
up to him and got the small can of ‘Aquadag’ from which he had 
taken samples for demonstration. Returning to Schenectady 
the following Monday morning, I immediately tried out this 
‘Aquadag’ on the tungsten wire drawing and, to my great pleasure 
and satisfaction, the lubricant problem was solved. The 
‘Aquadag’ formed a very close, adherent film on the rod and 
wire, very much resembling polished ebony as the wire came out 
of the die. From that day on till the present, ‘Aquadag’ has 
been used for this purpose by tungsten wire producers all over 
the world.” 


INSULATORS 


Another novel use for films formed with aqueous 
dispersions of colloidal graphite is embodied in the 
manufacture of Pyrex suspension-type insulators (22). 
It was discovered that the metallic parts in contact 
with the glass had to be lubricated to discourage 
seizure between these dissimilar materials. After the 
assembly of an insulator a slight but definite movement 
takes place between the glass and metal portions be- 
cause of differences in their expansion. Mechanical 
movements are also set up due to the strain to which 
the insulator is subjected in use. 

Oil was first used to reduce the friction set up, but 
proved unsatisfactory as it had a tendency to volatilize 
and gas under the heat generated when the insulator 
was assembled with molten alloy. Furthermore, the 
rupture of the oil film under high-tension currents 
promoted electrical failures. When a film of graphite 
was substituted for oil, a conducting, dry lubricant 
was provided which eliminated both mechanical and 
electrical difficulties. 


COPPER OXIDE RECTIFIERS 


Manufacturers of copper oxide rectifiers employ 
colloidal graphite to improve contact between the 
discs and plates comprising these devices. The rather 
rough crystalline cuprous oxide surface upon which the 
rectification of alternating current depends, must make 
close permanent contact with adjacent discs, or plates 
(23). Originally, an attempt to accomplish this was 
made by inserting soft metal washers between the 
discs which, in the small types of rectifiers, are as- 
sembled on a rod carrying a nut to permit the applica- 
tion of pressure. The flow of soft alloy under the con- 
ditions was imperceptible, however, resulting in the 
adoption of colloidal graphite as a filler for the cavities 
between the crystals. The spraying of the cuprous 
oxide surface with colloidal-graphited water produced 
a leveling action, which gave the desired results. 








SePTEMBER, 1939 










The plates used in the large rectifying units (see 
figure 3) are first treated with graphite and subse- 
quently sprayed with molten metal. 





RESISTANCES 




























chen The conductivity of a graphite coating or layer 
hat had jg varies with its density and with the proximity of the 
ployed, icles of which it is composed. A thin film, for 
-’ Dr. @ example, is quite resistant to the passage of an elec- 
Tee tric current. If such a film is gently buffed, thus 
he let orienting the individual particles, or if it is subjected 
ectady to pressure, its conductivity is improved. This fact 
it this @ js utilized by the radio industry (24-30) in the produc- 
= tion of both variable and fixed resistors of the type 
d po represented by tone controls, volume controls, and 
ne out grid leaks. 
i a ELECTRON EMISSION 
Being a conductor of electricity, graphite finds many 

uses in the electrical industry, particularly in the 
ile field of applied electronics. These uses are extended 
“th when the graphite is in the colloidal form. 
(29), Colloidal-graphited water applied to solids by dip- 
tact ping, brushing, or spraying forms tenaciously affixed 
vse graphite films which, in addition to being conductive, 
, Pe are homogeneous, opaque, have a high black body 
sail factor, are resistant to electrical bombardment, are 
te not radioactive, Possess a low coefficient of expansion 
ical and, under certain conditions, are capable of absorbing 
hich gases. Those familiar with the vacuum tube industry 

appreciate the importance of such coatings in the 
but manufacture of electric discharge devices. 
ize It is common practice, in the making of radio tubes, 
ied to spray the grids of certain classes of tubes with 
the colloidal graphite in water for the purpose of discourag- 
bir: ing the emission of secondary or undesired primary 
ite electrons.’ If the grid is negatively charged so that it 
ti cannot receive electrons from the filament directly, 





it can emit electrons by thermionic emission, which 
depends upon its being heated to a high temperature, 
or photoelectrically, due to the light from the filament, 
or upon X-rays produced in the tube resulting from the 
impact of electrons at the anode. If, in power tubes, 
the grid is used at positive potential with respect to the 






















ne cathode, trouble may arise from secondary emission, 
* i, @., electrons emitted as a result of electron impact of 
be the grid. 

ke Graphite is useful in tending to retard these unde- 
0 sirable forms of emission. In the case of primary emis- 
2 sion, its dark color is effective. A black body radiates 
‘e heat more readily than a polished metal surface. 
. Hence, a grid that has been sprayed with graphite 
. remains cool and thus shows less tendency to emit 
: electrons thermionically. 

e In the case of secondary emission, carbon in its 
; several forms is markedly resistant to bombardment so 
; that when a grid carries a graphite coating, the metal 
l 8 For a discussion of the emission of electricity from solids 





see Hoa, J. B., “Electron physics,” D. Van Nostrand Co., 
Inc., New York City, 1929, p. 24 ; 





constituting the same is sheathed from the onslaught 
of electrons. 
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CATHODE-RAY TUBES 
A growing use for aqueous dispersions of colloidal 


graphite is embodied in the manufacture of the cathode 



















FIGURE 3.—PLATES USED IN COPPER OXIDE RECTIFIER 
MANUFACTURE 


ray tubes employed in oscillographs and television 
receivers. When this type of tube was first introduced, 
it carried on its walls a ray-focusing anode of silver 
obtained through the decomposition of a silver salt 
such as the tartrate. Metallic coatings of this kind, 
however, were not entirely satisfactory, being expen- 
sive, highly reflective and difficult to apply to certain 
types of glass. Upon replacing such films with graphite 
(31-32), adequate conductivity was obtained, light 
reflection was minimized, and higher vacuums achieved 
as a result of the ‘“getter’® properties of carbon. 


(See Figure 4.) 
LIGHT SENSITIVE CELLS 


The chemical inertness of graphite together with its 
property of conducting electricity have made it useful 
as an electrode material in selenium cells. When this 
latter element is applied to metallic bodies, there is a 
tendency to form selenides which increase the internal 
resistance of the cell. Graphite eliminates this diffi- 
culty. It is stated (33) that graphite is particularly 
adaptable to the preparation of cells sensitive to infra- 
red light in which selenium is used with admixtures of 
heavy metals such as tellurium. 

Colloidal graphite is likewise useful in photo-electric 
cells employing the alkaline metals. In tubes of this 
kind use is made of its unique property of absorbing 
cesium and similar alkali metals (34). 


ELECTROSTATIC SHIELDS 
In cases where it is desirable to form electro-static 





* A “getter” may be defined as any substance which, through 
chemical or physical processes, removes residual gases from 
evacuated objects or systems. 
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shields, colloidal graphite enjoys utility in a wide 
variety of electrical apparatus, ranging from vacuum 
tubes to electric pianos. 

Porter (35) has compiled with considerable thor 
oughness the laboratory applications for colloidal 
graphite, describing in detail how this product is em- 
ployed to form shields, guard rings, contacts, special 
electrodes, and so forth. 


MISCELLANEOUS ELECTRICAL APPLICATIONS 


Among the miscellaneous applications for colloidal 
graphite may be mentioned its utility as a cement for 











Figure 4.—A Catuopg-Ray TUBE OF THE KiNnp USED IN 
TELEVISION RECEIVERS. THE DARK LINING ON THE TUBE 
WALLS COMPRISES THE Ray-FocusinG ANODE 


connecting the carbon filaments to the lead in wires of 
therapeutical lamps, as a preventive of corona in the 
manufacture of alternators (36), as an absorbent of 
radiation in the building of thermopiles (37), and for 
rendering non-conductors conductive preparatory to 
electroplating. It is interesting to note, in this latter 
connection, that particles of colloidal graphite, like 
the ions of an electrolyte, may be made to migrate to a 
pole of opposite charge when subjected to electrolysis. 
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Fink and Prince (38) have successfully co-depositey 
copper and graphite to produce low friction meta) 
having a graphite content as high as forty per cent, 


PARTING COMPOUNDS 

The physical structure of graphite responsible for jts 
unctuousness makes it applicable asaparting compound, 
Accordingly, graphite very effectively prevents the 
sticking of a variety of objects to the molds in which 
they are cast or otherwise formed. This applies to 
glass bottles, rubber tires, die castings, and so forth, 
In the glass industry it is also used as a parting com. 
pound on forming tools and is gradually displacing the 
beeswax and tallow usually used in this class of work. 
Graphite, being stable chemically, does not decompose 
and thus discolor the object being formed, nor does it 
give rise under heat to acrid fumes so common with 
animal products. 

In the making of stereotypes used.in the printing 
field, it is customary to employ as a mold a paper 
flong, known in the trade as a ‘“‘dry mat.’’ When these 
matrices are coated with graphite, it is possible to 
readily free the stereotype casting without damage to 
the flong and obtain, at the same time, somewhat 
better definition than is possible with untreated mats 
(39-41). 

Where there is a tendency for incandescent lamps to 
stick in their sockets as is frequently experienced with 
electric signs, on shipboard and in damp or corrosive 
atmospheres, colloidal graphite applied to the lamp 
bases forms a protective, lubricating coating which dis- 
courages corrosion and makes for their easy removal. 

The screw threads of bolts and nuts subjected to high 
temperatures often give rise to considerable difficulty 
when an attempt is made to remove them. If these 
parts carry a coating of graphite, they are not only 
withdrawn more readily but can, during assembly, 
be drawn up tighter by virtue of the lubricating 
properties of the graphite film coming into play. 
Coatings of this character are used for parting purposes 
on flanges, gaskets, battery terminals, spark plugs, 
and so forth. 

Colloidal graphite dispersed in light oil or kerosene 
is beneficial in removing studs from turbine cylinder 
joints (42) and similar threaded parts. 

Many of the so-called penetrating oils used to facili- 
tate the separation of corroded parts, depend upon 
colloidal graphite for their lubricating qualities (43-44). 
A penetrant must, of necessity, be of a low viscosity. 
Often this viscosity is insufficient to withstand the 
loads and pressures created during disassembly. In 
preparations such as this the penetrant is used merely as 
a vehicle for the graphite. Being colloidal the latter 
is able to enter the porous masses and capillaries of 
corrosion products without being filtered from its 
carrier. It is at the seat of corrosion that the graphite 
can be of greatest benefit in effecting separation. 


IMPREGNATION AND INCORPORATION 
Colloidal graphite, because of the minute size of its 
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icles, is finding utilization in numerous industries 

gsatl impregnating medium. 

Grinding wheels (45) have been treated with graph- 
ite to give them conductivity, thus making them a 
part of an electrical circuit controlling grinding opera- 
tions. 

Brake linings (46), clutch facings, and similar fric- 
tion elements are fields for colloidal graphite. Although 
the prime purpose of such devices is to create friction, 
the presence of a small amount of lubricant is important 
asa preventative of momentary seizing or “‘chattering.”’ 

Packing materials are often impregnated with 
colloidal graphite to impart lubricity. 

Porous bearing materials (47) saturated with lubri- 
cating oil are steadily gaining wider adoption in the 
automotive and mechanical home appliance fields. 
When such bearing materials are treated with colloidal- 
graphited oil their efficiency is further increased. 

In some instances it is desirable to take advantage of 
the pigmental value of graphite. It has been so em- 
ployed for special finishes on a variety of objects. 

An English manufacturer of Bible paper adds a small 
quantity of colloidal graphite to the pulp, while in the 
beaters, to give increased opacity to his product. 
It is said that the desired result is achieved without 
imparting any noticeable tint to the finished stock. 

Fabrics are often impregnated with colloidal graphite. 
One example involves the manufacture of belt stock. 
A graphite-treated belt on washing machines, re- 
frigerators, and similar equipment, is sufficiently con- 
ductive to ground any static charges that may be 
generated during the operation of the drive. 

Because of the difficulty of removal of colloidal 
graphite absorbed by fabrics, it has become standard 
practice to use this material, dispersed in both oil and 
water (48), for the preparation of soiling standards to 
study the detergent value of soaps and allied launder- 
ing preparations. 

The fabric used to reénforce laminated resin bearings 
is sometimes graphite-impregnated to yield a material 
having a lower coefficient of friction than non-graphited 
phenol formaldehyde resin. 

Colloidal graphite may, of course, be incorporated 
with other colloids, such as rubber latex. If these two 
materials are treated jointly with an electrolyte, co- 
precipitation occurs, resulting in a product which is an 
intimate mixture of rubber and graphite. Homogene- 
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ous combinations of other materials can be effected by 
this scheme (49). 
BIOLOGICAL APPLICATIONS 

Workers in the field of experimental biology find 
aqueous suspensions of colloidal graphite a useful tool 
in their research. 

Field and Drinker (50), in studying the passage of 
particulate matter from the blood circulation to the 
lymphatics, prefer graphite to India ink because of the 
slowness of graphite agglutinization in the blood and 
the lack of affinity exhibited by it for the vessel walls. 

Wangensteen and Cooke (51) conducted work 
wherein the reticulo-endothelial system of the rabbit 
was partially blocked in its phagocytic activity by 
daily intravenous injections of colloidal graphite. 

Drinker and Churchill (52) made an extensive study 
of colloidal graphite as an injection fluid and concluded 
that such a preparation ‘‘possesses qualities essential 
for physiological injections if employed in perfusion 
experiments.” 

Other investigators (53-54) have carried on similar 
work using graphite as a foreign body in the blood 
stream. 

A most unusual use for oil dispersion of colloidal 
graphite is brought out in the studies of Hacker (55), 
who used such a preparation in determining the extent 
to which oil penetrates the breathing tubes of mosquito 
larvae. In this work suspensions of lampblack and of 
carmine in kerosene failed, because the suspended 
particles were filtered out at the spiracle, or tube 
entry, permitting the passage of the oil alone. With 
colloidal-graphited oil, however, the opaque  sus- 
pensoid was not separated, thus making visible the 
distribution of the oil within the tubes. 


CONCLUSION 

From the foregoing it is evident that colloidal 
graphite is a unique material, playing an important réle 
in many unrelated lines of endeavor. A material that 
extends its utility from researches involving the wind- 
pipe of larvae, through the realm of electronics, to the 
reduction of friction in huge machines, can well be 
called unique. 

Just as the list of applications for this material, 
originally designed as a lubricant, has grown exten- 
sively in the past decade, so is it expected to lengthen 
as new fields are uncovered. 
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SOME CHEMICAL 
YELLOWSTONE 


FEATURES of 
NATIONAL PARK 


IRWIN B. DOUGLASS? 


Northern Montana College, Havre, Montana 


Yellowstone National Park affords an unparalleled 
opportunity to study some of the chemical reactions that 
take place in Nature's laboratory. The reacting sub- 
stances in Yellowstone are the gases rising from the 
uncooled magmatic masses far below the surface, the 
characteristic rocks of the region, the ground water which 
penetrates the rocks to varying depths, and the atmospheric 
oxygen which interacts with certain of the magmatic gases. 
The hot springs are of great variety, for each represents 
the result of a peculiar set of conditions found below the 
surface at that point. In this paper the characteristics 

* Published with the permission of the Director, National Park 


Service. 
* Temporary Ranger Naturalist, Yellowstone National Park. 


of the different types of springs and the chemical phe- 
nomena associated with the phase of volcanism found in 
Yellowstone are discussed. 


++ ooo + 


ELLOWSTONE National Park as a region 
Y cnthine many natural wonders has become 

well knowri to people from all over the world. 
The geology of the region and the causes of the thermal 
phenomena are explained annually to hundreds of 
thousands of visitors by the representatives of the 
National Park Service. The chemical story, on the 
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their masterly work. 

The author’s experience as 
ranger naturalist in Yellow- 
sone has convinced him that 
this fascinating chemical story 
should be made more readily 
available for students of chem- 
istry and others interested in 
the chemistry of natural phe- 
nomena. For a more exhaus- 
tive treatment of the subject 
and for the evidence support- 
ing certain statements made 
in this paper the reader is 
referred to the monumental 
treatise of Allen and |Day, 
fom which most of the ma- 
terial has been taken. The 
presentation, however, is that 
which might be employed were 
the author to enjoy the privi- 
lege of having a group of chem- 
ists at an evening campfire 
program in Yellowstone Park. 


THE GEOLOGICAL HISTORY OF 
YELLOWSTONE NATIONAL PARK 


The area which is now in- 
cluded in Yellowstone Na- 
tional Park was once a part of 
the great trough which lay 
between prehistoric Appala- 
chia and Cascadia, extending 
north and south from the 
present Gulf of Mexico to the 
Arctic Ocean. During*the al- 
ternate advance and recession 
of the seas in this trough, the 
beds of shale, sandstone, and 
limestone were laid down to a 
depth of many thousands of 
feet. ‘Toward the close of the 
Cretaceous Period (sixty to one 
hundred million years ago) 
part of the bottom of the 
trough was forced up as the 
first Rocky Mountains. Sub- 
sequent erosion carried away 
much of the height of these 
mountains and then followed 
the second Rocky Mountain 
period of uplift. 

At some time during the 
second uplift the earth’s crust 


became weakened in the region of Yellowstone National 
Park, and violent volcanoes broke forth. These early 
periods of ' activity were characterized by explosive 


other hand, is less well known and was imperfectly 
yiderstood until 1935 when Allen and Day of the Car- 
yegie Geophysical Laboratory published the results of lated to a depth of over two miles. The deposi- 
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eruptions which scattered volcanic bombs and ash 
over wide areas. In some places the débris accumu- 
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YELLOWSTONE CANYON Has BEEN ERODED THROUGH RHYOLITE EXTENSIVELY DECOM- 
POSED BY THERMAL GASES. THE LOWER FALLS Is LocATED AT A POINT WHERE THE ROCK 
Is PRACTICALLY UNALTERED 







tion of this material took place during periods sepa- 
rated by thousands of years. On some precipitous 
cliffs in the park where streams have eroded through the 
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agglomerate there are a dozen or more layers of petri- 
fied trees—trees which at one time grew on soil formed 
from volcanic débris of an earlier period and were then 
buried in a later eruption. Some of these fossil trees 
are ten feet in diameter. 
TABLE 1 
Voicanic Gases FROM YeLLowstone Park® 
Locality COs Or HH: CHs NitA MS Sum 


Black Growler in Nor- 96.55 0.00 0.40 0.10 0.45 2.50 100,00 


ris Basin 
Spring in Porcelain 89.20 1.40 2.30 0.55 6.55 0,00 100,00 


Basin 
Artemesia Geyser in 0,90 0,00 10,60 85.10 0.00 100,00 


Upper Basin 
Firehole Pool in Lower 63.05 5.45 0.00 1.55 29.95 0.00 100.00 


Basin 
One of Waskbura 81.15 0.00 0.25 13.20 8.70 0.55 100,00° 


Springs 
Calcite Springs in 93.20 0,00 0,00 0.00 1.30 5.50 100,00 


Tower Falls area 
Mammoth Hot Spring 99.55 0,10 0.35 0,00 100,00 
Jupiter Terrace 


* Selected from many analyses to illustrate the maximum amount of 
each constituent, 

>A complete analysis of the superheated gases (temperature 138°C.) 
coming from this vent gave: HO, 99.600; COs, 0.386; HS, 0.010; He, 
0.002; CHa, negligible; Ne + A, 0.00. 

© This gas contained 1,15 per cent. C:Hs. 


The forces of erosion cut deeply into the volcanic 
deposit until at a time variously estimated at from 
eight to twenty-five million years ago the main part of 
what is now Yellowstone National Park was a great 
basin surrounded by lofty mountains. There followed 
another period of volcanic activity and into this basin tre- 
mendous quantities of rhyolitic lava poured. Whether 
the flow was continuous or intermittent is a ques- 
tion for others to decide, but the result was the same 
as though a huge lake of lava had been formed which 
was twenty-five to forty miles wide and three thousand 
feet deep. The rhyolite solidified and formed a level 
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level that from an airplane one seems to be looking 
down upon a wooded portion of the prairie. 


THE CAUSES OF THERMAL ACTIVITY 


The surface evidences of volcanism may be classified 
in three phases. The first is the eruptive stage when 
molten rock or rock fragments are being expelled from 
vents in the earth’s crust by the expulsive forces, jn 
large part at least, of confined volcanic gases. In the 
second or fumarole stage volcanic gases are escaping 
from cracks or breaks in the surface of the previously 
expelled material or of the native rocks. During this 
phase the escape of subterranean heat is so rapid that 
any rain or other surface water is immediately evapo. 
rated and thus is prevented from penetrating below the 
surface. 

The third phase develops when the surface rocks cool 
sufficiently to permit the penetration of ground water, 
In this stage the depth to which the ground water 
penetrates will be very largely determined by the sur- 
face topography and it is conceivable that an area of 
shallow or negligible penetration may be very near one 
where the penetration takes place to a much greater 
depth. In any event the rising gases encounter the 
descending water and some of the constituents of the 
gases dissolve and condense in the water, heating and 
acidifying it so that it has the power to attack the rocks 
through which it circulates. When the water reap- 
pears at the surface it is hot and contains many dis- 
solved or colloidally dispersed constituents derived 
from the gases and from the rocks. 

In Yellowstone National Part the first phase of vol- 
canism has long since disappeared. The third stage 
is the predominant feature of the region, although 


TABLE 2 


Water ANALYSES OF SPRINGS IN YELLOWSTONE PARK 


(In parts per Million) 


Source H 4 Mg Ca Fe 


Acid Areas 
Roaring Mountain 13.3 6 4 
Fountain Paint Pot 0.87 i 3.8 
Paint Pot near Mud Vol- 
cano 2.58 g p 59 
Big Sulfur Pool near Mud 
Volcano 43.2 17 
Devil's Ink Pot, Wash- 
burn Spring 0.2 
Alkaline Areas 
Excelsior Geyser 
Old Faithful 
Sapphire Pool 
Mixed Areas 
Norris Basin, Congress 
Pool 
Spring No. 17 
Spring No. 7 
Travertine Area 
Mammoth Hot Spring, 
Jupiter Terrace 


plateau of 8000 feet average elevation amid the sur- 
rounding mountains. In the millions of years since 
the last rhyolite solidified the plateau has been inter- 
sected by streams and has been eroded somewhat by 
glacial action, but in general contour it remains so 


Al SiO: Cl SO« S203 COs HCOs BOs F AsOQu Total 


15 247 Trace 764 
0.8 176 1 121 


45 834 


146 


3.7 
1 


188 
35 


528 Trace 


there are a dozen or more vents from which gases are 
escaping at much higher temperatures than the boiling 
point of water, indicating that the fumarole stage 
has not entirely disappeared. The hottest vent ob- 
served registered 138°C. 
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to form a crystalline rhyolite or a granite. The super- 
heated steam vents in Yellowstone are good evidence 
that there, too, steam is coming to the surface from the 
magmatic masses which are still uncooled and uncrys- 
tallized far down below the surface. Allen and Day 
are of the belief that this steam may constitute ninety- 
nine per cent. of the original gas. 

The gas analyses of Table | indicate that in Yellow- 
stone as well as in other volcanic regions carbon dioxide, 
hydrogen sulfide, hydrogen, methane, nitrogen, and 
argon are constituents of the magmatic gases. Some 
of the nitrogen and argon and all of the oxygen found 
in some samples are believed to result from atmospheric 
contamination in the upper strata. The ethane and 
larger quantities of methane in other samples are be- 
lieved to be distillates from sedimentary rocks, as is 
also the excessive amount of ammonia found in some 
waters. 

Hydrogen chloride and hydrogen fluoride are com- 
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looking Some idea of the extent of the thermal activity in 
the park may be gained from the fact that there are 
gme three thousand hot springs scattered in groups 
ynevenly over an area roughly sixty by thirty miles. 
slassified pasing their calculations on the total flow of the springs 
ge when and on the average temperature of the water Allen and 
led from Day estimate that there are some 220,000 kilogram- 
orces, in calories of heat, or enough to melt three tons of ice, 
a 2 given out every second. This entirely disregards all 
-scapin heat lost by evaporation. oi 
svi The intensity of the thermal activity was well illus- 
ing this trated in a test hole drilled in the Norris Basin. A 
vid that temperature of 205°C. and a steam pressure of three 
“evapo. hundred pounds per square inch were encountered 
‘low the within two hundred sixty-five feet of the surface. 
i" THE CHARACTER OF THE MAGMATIC GASES 
wae The collection of the gases issuing from an active 
| water yoleano may be hazardous, but once accomplished the 
he sur. @ identity and relative 
area of abundance of the con- 





stituents of the gas 






ear one 
greater mixture can be deter- 
ter the @ mined with certainty. 





In Yellowstone, on the 
other hand, the mag- 
matic masses from 
which the gases are 
believed to be issuing 
lie at such a great 
depth that direct 
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National Park Service Photograph 


On ROARING MOUNTAIN THE DEFICIENT SUPPLY OF GROUND WATER HAs AIDED IN PRODUCING AN 
THE SULFURIC ACID FORMED BY THE OXIDATION OF THE HYDROGEN SULFIDE HAs KILLED 


A NuMBER OF YEARS AGO THE GASES 


mon constituents of volcanic gases, but one would 
hardly expect to find them issuing from the ground in 
Yellowstone where the second phase of volcanism has 
almost entirely disappeared. Allen and Day made 
careful search for them in the gaseous emanations but 
found no trace. The fluoride and chloride content of 
the waters, however, may arise in part, at least, from 
these gases which dissolve in the ground water and are 
neutralized through interaction with rock constituents. 

In cavities of rocks blown out of Vesuvius and around 
fumaroles in other volcanic regions there have been 
observed sublimates of the chlorides and fluorides of 


of vol. analysis of the gases 
stage isimpossible. Careful 
hough analyses have been 
made of the gases es- 
caping from certain 
vents and springs, but 
it is recognized that 
Tea these may contain at- 
mospheric contami- 
nants or other gaseous 
products which have 
distilled out of sedi-  acip Arga. 
mentary rocks below Ati VeGETATION AND Is AcTIVELY LEACHING THE RHYOLITE. 
the surface. They ESCAPED WITH A ROARING SOUND GIVING THE MOUNTAIN Its NAME 
must, likewise, have 
= lost certain original constituents which have been dis- 
1684 solved or condensed before the gases reached the sur- 
face. Table 1 illustrates the results of several gas 
ae analyses. Evidence for gases lost before the surface is 
2080 teached is derived from analysis of the spring waters of 
the Park. Table 2 shows several typical water analyses 
1222 and the significance of the various results will be 
pointed out later. 
ae Steam has long been recognized as a constituent of 
ling voleanic gases. The torrential rains which frequently 
tage follow volcanic eruptions are believed to result from 
pe the condensation of the volcanic steam. The lava or 





Magma carries water in solution, and if it solidifies as a 
glass it retains more of this water than if it crystallizes 








sodium and potassium. To volatilize these compounds 
and carry them to the surface would involve tempera- 
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tures much higher than any found at the surface in fluoride content. 
Yellowstone. If they are present in the magmatic 


emanations originating below Yellowstone they must 








THE CANYON WALL AT THE Foot oF THE LOWER FALLS SHOWS A LACE-LIKE DESIGN OF 
ALTERED Rock ALONG THE CRACKS Up WHICH THE THERMAL GASES HAVE COME 


condense in fissures and cracks of the rock when the 
gases enter the cooler surface zone. If such is the 
case deeply penetrating ground water might reach 
this zone and acquire an unusually high chloride and 
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Allen and Day believe that this 
explains the exceptional amounts of chloride and fy. 
oride ions found in the water from some springs. 


It has 
been calculated that from the 
Norris Geyser Basin alone 
the waters carry away six 
tons of chlorine each day, 

The water analyses have 
also given evidence that the 
magmatic emanations must 
also contain arsenic and 
boron in volatile forms and 
at times may contain am. 
monia. 

The absence of sulfur di- 
oxide from the list of mag. 
matic gases may seem un- 
usual in view of the state- 
ments commonly made in 
textbooks of general chemis- 
try. In this connection Allen 
and Day state, ‘““To say sulfur 
and sulfur dioxide never oc- 
cur in magmatic emanations 
is to go beyond the range of 
available evidence, but in the 
hot-spring stage of volcanism 
all observations point to hy- 
drogen sulfide as the primary 
sulfur gas.” 


THE SPRING WATERS OF 
YELLOWSTONE 


Once during the summer of 
1937 the author, in company 
with another ranger, hiked 
from Inspiration Point along 
the rim of the canyon of the 
Yellowstone River and down 
to the water at the point 
known as the Seven Mile 
Hole. The day was warm, 
and we had walked rapidly 
so that we could do some 
fishing before time to report 
again for duty. We over- 
looked carrying a canteen of 
water with us and, fearing to 
drink from the river because 
of sewage contamination 
above, we hunted until we 
found a beautiful little stream 
flowing through the woods of 
a side canyon. Eagerly we 
knelt to drink, but the water 
was so sour and astringent 


that it was almost impossible to hold it in our mouths. 
(We found later that it issued from a series of hot springs 
half a mile above.) Our thirst was such, however, 
that we had to drink. We quieted any fear of ill ef 
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fets by thinking that if we swallowed quickly any 
gifuric acid would not attack our teeth and since 
yo more tooth buds were forming any fluorides in the 
water could not cause mottled enamel. 

An examination of the water analyses in Table 2 
qil illustrate the variable mineral content of the 

ring waters of Yellowstone. Allen and Day in their 
study found that the springs fall into four main classes: 

(i) those high in sulfate, low in chloride and acidic or 
neatly neutral, (2° those high in bicarbonate, chloride, 
md fluoride known as alkaline springs, (3) those ap- 
parently a mixture of waters of types (1) and (2), and 
(4) those characterized by much calcium bicarbonate 
and little silica. The last type of water is found prin- 
pally in the Mammoth Hot Springs area. 

Of the first two types, most of the springs in a given 
locality will belong to a single type, the type being 
determined, apparently, by the topographical fea- 
tures which control the abundance of ground water, 
although occasionally springs of the two types are 
fond not far from each other. In some springs the 
water seems to be a mixture of the two types. 

The sulfate or acid springs are almost invariably 
lated in areas where one would not expect to find a 
vey abundant supply of ground water. The odor of 
hydrogen sulfide in and around such pools and springs 
is pronounced and the water found in them is usually 
aid in reaction. The overflow from such springs, 
ffany, is usually slight, and the springs are frequently 
surrounded by barren areas of leached rhyolite which 
lok like patches of snow from a distance. Examina- 
tion of the water in some of the pools and mud pots of 
the Norris Basin in 1932 revealed that in at least 
me the pH was 1.93 and was below 2.6 in several 
others. 

The acid present in the water is sulfuric and has its 
origin, no doubt, in the oxidation of the hydrogen sul- 
fide and free sulfur found so abundantly in such areas. 
The work of one investigator leads to the opinion that 
bacteria may play a part in the oxidation, but it also 
“ems reasonable to suppose that there may be some 
uriace catalytic effect on the particles of disintegrated 
hyolite and the finely divided silica which is precipitated 
fom the spring waters. 

As might be expected, the presence of free sulfuric 
tid in the waters causes them to have a profound, 
lisintegrating action on the rhyolite. Rhyolite is an 
wtidic rock and consists for the most part of feldspars 
ad silica, with comparatively small amounts of the 
basic dark-colored minerals. The silica itself does not 
em to be attacked, but remains as a white, sandy 
material after the leaching of the other rock constitu- 
ts. The feldspars are thoroughly decomposed with 
the aluminum going into solution where the acid is 
tighest and in other cases precipitating as clay-like 
Minerals. As might be expected, Alum Creek has its 
urce in such an acid area. The silica from the sili- 
tate radicals partially precipitates as opal and par- 
tally remains dissolved or colloidally dispersed where 
there is sufficient water. Incrustations of the sulfates 
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of the rock metals often occur where the ground is dry 
enough to permit their accumulations. 

The alkaline areas differ from the acid or sulfate 
areas in several noteworthy respects. The water is 
alkaline, that from Old Faithful Geyser having a pH of 
8.97, and instead of having a high content of sulfate, 
is high in bicarbonates, chlorides, and fluorides. The 
ions of the alkali metals almost entirely replace the more 
numerous metallic ions of the acid waters. The alka- 
line springs are almost exclusively found in areas 
where the topography would suggest an abundant 
and deep-seated supply of ground water. 

In order to account for the composition of the alka- 
line waters it is postulated that meteoric waters pene- 
trate to great depth, carrying with them atmospheric 
oxygen which oxidizes the hydrogen sulfide before it 
ever reaches the surface. The odor of hydrogen sulfide 
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JUPITER TERRACE AT THE MAMMOTH HOT SPRINGS. 
WHERE THE Hot WATER Is FLOWING OVER THE FORMATION 
THE TRAVERTINE BECOMES COVERED WITH VARICOLORED 
ALGAE. IT SEEMS PROBABLE THAT THE PHOTOSYNTHETIC 
Activity oF THESE PLANTS PLAYS AN IMPORTANT PART IN 
THE DEPOSITION OF THE CALCIUM CARBONATE 


and the deposition of free sulfur is not characteristic 
of the alkaline areas. At the bottom limits of the 
zone of ground water there must be active alteration 
of the rhyolite by the hot carbonic acid, which ac- 
counts for the bicarbonates in the water. If the waters 
penetrate deeply enough to reach the zone where the 
chlorides and fluorides of potassium and sodium have 
been deposited as the magmatic emanations cooled on 
approaching the surface rocks, the waters should ac- 
quire a chloride and fluoride content much greater 
than waters penetrating to a more shallow depth. 
This, in the opinion of Allen and Day, accounts for one 
of the principal differences between the acid and alka- 
line waters. 

In the alkaline areas there is much less evidence of 
rock alteration by the thermal waters than in the typi- 
cally acid areas. In looking for evidences of rock 
alteration a well was drilled in the Upper Geyser Basin 
to a depth of four hundred feet. Fenner was unable 
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to detect any clay decomposition products in the core 


samples. He did, however, observe that the rhyolite 
of the core contained a higher percentage of potassium 


CastLe GEYSER, IN THE CRATER OF WHICH A PIECE OF Woop BECAME PARTIALLY SILICIFIED 


IN ONE YEAR’s TIME 


than an unaltered core sample from the bottom of the 
hole and other unaltered specimens from the surface. 
The most plausible explanation seemed to be that the 
thermal water as it came toward the surface bearing 
potassium chloride in solution exchanged the potassium 
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ions for sodium ions in the rhyolite. The water issuip 
from the springs is notably higher in sodium than 
potassium. The belief that an exchange of chemical 
equivalents has taken place jg 
strengthened by the fact that 
K,0 + NaO + Cad 
Al,O; 

is practically the same for the 
altered core samples as for the 
unaltered rhyolite. 





the ratio 


THE MAMMOTH HOT SPRINGS 
DEPOSITS 


The acid and alkaline areas 
discussed thus far are located 
in those parts of the park where 
rhyolite is the characteristic 
rock. In the Mammoth area, 
however, are springs of an en- 
tirely different type. Below 
the surface in this region the 
thermal waters, charged with 
carbon dioxide, come in con- 
tact with extensive beds of 
Paleozoic limestone. When 
the water breaks forth on the 
surface it has a high content 
of calcium bicarbonate. With 
the decrease in partial pressure 
of carbon dioxide the gas es- 
capes from the hot solution 
and calcium carbonate pre- 
cipitates in the form of traver- 
tine, building up huge terraces 
which often engulf large trees. 
The deposition of the traver- 
tine is undoubtedly aided by 
the hot water algae that grow 
luxuriantly on the terraces. 
In fact, the first deposition 
seems to be in filamentous 
strands and it seems possible 
that the algae by removing 
carbon dioxide for photosyn- 
thesis may be an important 
factor in bringing about the 
deposition. 

The travertine is built up 
very rapidly as compared to 
the silica deposits of the geyser 
basins. Where the water flows 
continuously a growth of 
twelve inches a year is not un- 
common. This rapid growth 
which brings about a dat 
ming of the water flow, together with the fact that 
the hot carbonic acid has the ability to eat new 
channels through the old formations and break out 
at unexpected points, results in the Mammoth Springs 
being in a continual state of change. The hot water 
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, which vary in coler from the purest yellow to sediments of pyrite, sulfur, barite, and alunite. Oxides 
frown, pink, and dark red, grow only where the hot of iron produce brilliant effects in the Artists’ Paint Pots. 
yater is actively flowing. Because in recent yearssome In Norris Basin and other acid areas red and yellow sul- 


of the hot water has flowed 
trough channels beneath the 
ferraces rather than over the 
wrface, thus reducing the total 
grea covered by the algae, the 
ielief has arisen among some 

ple, especially among those 
who demand the spectacular 
at all times, that the springs 
we drying up and are no longer 
interesting. On the contrary, 
the active springs are as beau- 
tiful as ever. 

The radioactivity of the 
rocks has been employed in 
determining the age of various 
travertine deposits in the 
Mammoth area. The late 
Herman Schlundt determined 
the radium content of the 
present active terraces, those 
ofan old terrace on which the 
park headquarters buildings 
now stand, and that on Ter- 
race Mountain, a deposit which 
is definitely pre-glacial. As- 
uming that the amount of 
radium deposited with the 
travertine is the same today 
a when the older terraces 
were formed, Dr. Schlundt es- 
timated that springs were ac- 
tive on Terrace Mountain 
more than fourteen thousand 
years ago and at the present 
Headquarters site thirty-two 
hundred years ago.? 


DEPOSITS IN ACID AREAS 


In the acid areas the deposits 
around the springs are for the 
most part non-coherent and 
fine grained. They are either 
ptimary decomposition prod- 
uts of the rhyolite or sec- 
mdary precipitates resulting 
ftom chemical reactions. 
Silica, if deposited, is usually 
%a fine-grained opal. Alu- 
itinum may be in the form of 
ilumina or clay, and may be 
titirely absent if the leaching 














THE THERMOS BoTTLE GEYSER. THE MONUMENT GEYSER BASIN IN WHICH THIS SPRING 
Is Founp Is LocaTED SEVERAL HUNDRED FEET ABOVE THE FLOOR OF THE GIBBON RIVER 
VALLEY. Most OF THE SPRINGS ARE DisTINCTLY ACIDIC AND THERE ARE SOME SUPER- 
HEATED VENTS, BuT THE THERMOS BoTTLeE Is TyPICALLY ALKALINE 


tas been carried out by strong acid. Free sulfuriscom- fides of arsenic are common. There is active deposition 
mon in cracks and cavities and in the porous ground. of a hard silicious sinter in only a few sulfate springs. 
The acid springs are frequently turbid with fine-grained 

DEPOSITS IN ALKALINE AREAS 


—- 


,, Manuscript report by Dr. Schlundt in the Yellowstone 


library, 


Around the alkaline springs the deposit is of an en- 
tirely different character. The springs are usually clear 
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and are surrounded by broad stretches of loose, white, like shelf. The sinter is deposited very slowly around 
sandy, disintegrated silicious sinter. Near the margins most springs, and dates in the 1880's which were caryed 
of the pools the sinter is a dense opal and takes an in- in some geyser craters can still be seen. On the other 
finite variety of forms. There are biscuits around one hand, Allen and Day found one spring in the Porcelain 
pool, cauliflower heads around another, spherical parti- Basin that deposited thirty-seven millimeters of silicioys 
cles called ‘“‘geyser eggs’ around another, spiny pro- sinter on a test block of wood in one year. 
tuberances like coral around others, while out from the The factors affecting deposition of silica are little yp. 
edges of many quiet pools the silica extends asa thinice- derstood. Evaporation of the water leaves an insoluble 
residue whether the water 
dries on the geyserite forma. 
tion or on a tourist’s glasses, 
The spring water can be kept 
in glass containers for years 
without the silica precipitat- 
ing, but if the water is frozen 
a white gelatinous mass 
separates which will not re. 
turn to solution. On flats 
and in pools where there is 
an abundant growth of algae 
the deposition of the silica 
seems to be aided, but in 
what way no one has satis. 
factorily explained. 

It is interesting to note 
that one of the blocks en- 
ployed by Allen and Day in 
testing the rate of deposition 
of silica in the crater of 
Castle Geyser had only a 
thin incrustation at the end 
of a year. On carefully oxi- 
dizing the wood in nitric and 
sulfuric acids, however, it was 
found that the silica had 
penetrated into the wood to 
a depth of four millimeters 
and every duct and cell were 
faithfully preserved as a cast 
of silica. We must conclude 
that in the one year’s time 
the wood had started to 
petrify. Pieces of wood are 
often found in hot springs 
and frequently found buried 
under several inches of gey- 
serite. Such ‘pieces of wood 
are often so dense that it is 
evident they are well filled 
with silica. 

In addition to the deposits 
around the springs already 
described there are other 
minor areas where deposits 
of other kinds are forming. 
The Chocolate Pots along 
the Gibbon River, as theif 
name implies, are cones of 
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analysis of the sinter shows 54.5 per cent. Fe, 17.2 

r cent. SiO, 1.0 per cent. MnO, 5.9 per cent. 
AlOs, and 19.3 per cent. H,O which is unlike any other 
sinter found in the park. A water analysis showed only 
six parts per million of iron, but this is in the ferrous 
state and when exposed to the air oxidizes to the ferric 
condition and precipitates as a hydrated oxide. 

The sinter of some typically alkaline springs is tinted 
by small quantities of various metallic oxides. Manga- 
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Whether the colloidal particles responsible for such scat- 
tering are silica has not been definitely determined, but 
it seems reasonable to suppose that they are. 
THE MUD POTS 

Among the most fascinating features of Yellowstone 
are the mud pots, craters sometimes fifty feet in diam- 
eter filled with thin clay and other finely divided 
minerals kept in a continual state of agitation by the 


SUPERHEATED WATER BOILING IN THE CRATER OF SPASMODIC GEYSER 


nese dioxide colors some a gray or black, while some of 
the geysers in the Shoshone Basin are characterized by a 
bronze sinter resulting from small quantities of iron 
oxide. 

THE COLOR OF CERTAIN ALKALINE SPRINGS 


The water of many of the deeper alkaline pools of 
the park has a pronounced blue color which has sug- 
gested such names as Indigo, Sapphire, and Gentian 
Pools. The water in Sapphire and Gentian Pools was 
subjected to careful examination during the work of 
Allen and. Day. It was found to give a pronounced 
Tyndall effect, showing that it contained colloidal par- 
ticles. Spectroscopic examination of the light trans- 
mitted by the water showed that it had a greater ab- 
sorption of the shorter wave-lengths than ordinary dis- 
tilled water, so that if a person were to look out from the 
bottom of either pool the water would seem to have a 
yellowish color. When viewed from above, however, 
each pool is a brilliant blue. The most probable explana- 
tion of the color seems to be that there is preferential 
scattering of blue light by the colloidal particles. 


escape of gases, chiefly carbon dioxide. The mud pots 
are almost invariably found in areas deficient in ground 
water. They are springs without an outlet, and as 
the sulfuric acid leaches the rhyolite the clay and other 
decomposition products accumulate because there is no 
overflow to carry them away. Very often there is con- 
siderable variation in color depending on the purity of 
the clay and the degree to which it is contaminated with 
free sulfur, arsenic sulfide, iron oxide, or black pyrite. 


SUPERHEATED WATER 


Probably no other place in the world affords as good 
an opportunity to observe the properties of large quan- 
tities of water at or near the boiling point as Yellow- 
stone. In most elementary chemistry classes students 
are told that water boils when the temperature is 
reached at which the vapor pressure of the water equals 
the atmospheric pressure. Little mention is made of 
the tendency for water to superheat, but there are hun- 
dreds of pools in Yellowstone in which the temperature 
of the surface water is higher than the normal boiling 
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point for that altitude. In some pools the superheat thirty-five feet deep is in reality a geyser and erupts to 
may amount to three centigrade degrees. Some points a height of two to four feet every twelve minutes, As 
in the surface of a pool may be much hotter than others _ the water starts to rise just before an eruption its sur. 


face is as smooth as though 
covered with oil, yet if dry 
sand is thrown into the water 
or it is stirred with a stick jt 
boils violently. The explana. 
tion seems to be that the water 
is heated by magmatic steam 
in chambers and tubes below 
the visible bottom of the pool, 
When this hot water enters the 
bottom of the pool hydrostatic 
pressure prevents it from boil- 
ing, but in the wide pool there 
is opportunity for convection 
currents and the hot water 
from the bottom rises because 
of its lower density and reaches 
the surface at a temperature 
above the normal boiling 
point. There it should boil, 
but because there are no nuclei 
about which the bubbles can 
form it remains superheated 
until it cools by evaporation 
or spontaneously starts to boil. 
Just what part, if any, the dis- 
solved and colloidally dispersed 
minerals play in preventing 
the water from boiling nor- 
mally is uncertain. 

There has been much dis- 
cussion of the part super- 
heated water plays in geyser 
activity. Allen and Day took 
depth temperature measure- 
ments in many deep pools and 
geyser tubes, but in none did 
they find superheated water 
below the surface, 7. e., they 
found no point at which the 
temperature of the water ex- 
ceeded the boiling point when 
atmospheric pressure and hy- 
drostatic pressure were both 
considered. The observation 
of such geysers as Old Faith- 
ful and the Great Fountain 
just prior to eruptions, on the 
other hand, leads one to the 
belief that the temperature of 
the water in the tubes and 
chambers which constitute the 


and a pool which is below boiling one minute may be plumbing system of the geyser must all be very near the 
superheated five minutes later. boiling point. In Old Faithful the boiling of water im 

No pool offers a better example of superheated water some small chamber or in the tube seems to fill the tube 
than Sapphire Pool in the Upper Basin. This pool with a mixture of steam bubbles and water which, be- 
which is thirty feet or more in diameter and about cause of its lower density, reduces the hydrostatic pres- 
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wire and causes the water in the lower parts of the 
fumbing system to be superheated. The sudden boil- 
ing of the large masses of superheated water causes the 
eruption. 
In the eruption of Great Fountain the water overflows 
from the wide pool in the open crater for an hour or more 
pefore the eruption occurs. Toward the end of the over- 
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of the extinct Excelsior Geyser fill one with dread, the 
geysers cause one to marvel at the power stored up in 
the earth, but for pure beauty there is nothing in 
Yellowstone and few things in the United States to 
equal the canyon of the Yellowstone River below the 
Lower Falls. The green river flows at the bottom of a 
gash seven hundred fifty to one thousand feet deep, the 


THE CHOCOLATE Pot, LOCATED ON THE BANK OF THE GIBBON River, Has A Cone COMPOSED IN LARGE PART 
oF Hyprous FERRIC OXIDE 


flow the water in the crater seems to become more and 
more superheated, and larger quantities burst into spon- 
taneous boiling until it seems that the whole crater be- 
comes one seething mass of bubbles. Then the eruption 
takes place. 

It seems evident that geysers must be in a very deli- 
cate state of balance just prior to an eruption. Beehive 
Geyser, which normally erupts only once or twice a 
season, will erupt in less than a minute if a cupful of 
soap chips is placed in the crater. Superheated springs 
Which are never known to show geyser activity will 
erupt if treated in a similar manner. The practice of 
soaping geysers is illegal, but the full explanation of the 
action is a challenge to the physical chemist. Allen and 
Day devote several pages to possible explanations and 
conclude that the action is due in large measure to a 
lowering of the surface tension together with other 
factors less well understood. 


THE YELLOWSTONE CANYON 


The mud pots of Yellowstone Park have a peculiar 
fascination, the huge boiling pools such as the crater 


sides of which have every shade of color from the white 
of the purest kaolin to the yellow of ocher and the rich 
reds of hematite. The colors are not stratified but are 
found in patches which blend into each other as though 
shaded by an artist’s brush. Naturalists on duty at 
Artist Point and Grand View have instructions not to 
intrude upon the silent appreciation of the visitors, but 
for those who ask questions there is an interesting 
story. 

The Yellowstone Canyon is a direct result of the 
same volcanic activity which has produced the geysers 
and hot springs. The canyon was eroded into the 
rhyolite of the plateau after the rock had been decom- 
posed by the chemical action of the rising volcanic 
gases. There are several active geysers in the bottom 
of the canyon and many hot springs. On cool, damp 
days one can see wisps of steam rising from many points 
on the canyon walls, and as one hikes along the rim there 
is frequently detected the unmistakable odor of hydro- 
gen sulfide. 

The rhyolite plateau in the region of the canyon was 
not uniformly attacked by the rising gases. Between 
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stituents of the rhyolite. Where the decomposition has 
been extensive and where there has been a leaching of 
the soluble iron compounds formed, the kaolin and sanq 


Artist Point and Grand View the activity must have 
been particularly intense because the canyon is widest 
there and the decomposed rhyolite is disintegrated into 


GRAND GEYSER, WHICH ERUPTS TO A HEIGHT OF TWO HUNDRED FEET 
AT INTERVALS OF TWENTY-FOUR TO Firty-stx Hours, Is In A TYPICAL 
ALKALINE AREA WHERE THE DENSE SILICIOUS SINTER DEPOSITED IN 
THE GEYSER TUBES HELPS WITHSTAND THE TERRIFIC PRESSURES DE- 


VELOPED DURING THE ERUPTIONS 


clay and gravel which slope down to the river at the 
angle of repose. At the Lower Falls, however, the 
rhyolite is practically unaltered. On the steep wall of 
the canyon just below the falls one can see a lace-like 
design of cracks and fissures up which the magmatic 
gases have come, changing the rock on each side of the 
crack to a lighter color. At the bottom of the canyon 
one can find these cracks and can easily pick out the 
soft, decomposed rhyolite. 

The colors on the canyon walls are a direct result of 
the chemical action of the rising gases on the con- 


are a glaring white. Where the ferrous mip. 
erals of the rhyolite have been oxidized to form 
hydrated ferric oxides the color is yellow or 
brown, and where the heat has been more jn. 
tense so as to bring about a dehydration of 
the oxides the color is red. In localized areas 
where the gases are still actively escaping there 
may be the deposition of free sulfur and yellow 
sulfide of arsenic to add to the color, but any 
contribution from these minerals is of minor 
importance. Only one who has stood on In- 
spiration Point and has seen the sun break 
out over the wet slopes of the canyon after a 
summer shower can appreciate what a sym- 
phony of color Nature produces with a few 
simple forms of iron oxide. 


EFFECTS OF GASES ON LIFE 


As is frequently the case in volcanic regions 
the gases escaping from the ground in some 
localized areas in Yellowstone have an adverse 
effect on the wild life. In the Mammoth area 
many small caves on the inactive travertine 
terraces are so filled with carbon dioxide that 
birds or small animals seeking shelter in them 
are overcome. The number of birds that lose 
their lives in this way each year is not known, 
but without doubt it is much larger than one 
might suppose. 

In the eastern part of the park is a ravine 
known as Death Gulch where there is a par- 
ticularly heavy escape of deadly gases. Mr. 
Frank Oberhansley, former Assistant Park 
Naturalist, made this observation in his diary 
for August 26, 1938: ‘‘Today District Ranger 
Lee Coleman and I visited Death Gulch. As 
we walked along the left bank of Cache Creek 
the emanation of sulfurous gas was decidedly 
noticeable. The weather was still and humid, 
and the gas was particularly heavy at the 
lower end of the Gulch where we crossed it. 
We both became convinced that it would be 
unwise to attempt to walk up the Gulch. 
Symptoms were shaky knees, headache, and 
irritation of the respiratory system. I am 
certain that no animal could long endure the 
fumes as they were today. However, the only dead 
animal seen was a pocket gopher lying dead at the 
mouth of the Gulch. It appears that the larger animals 
avoid the locality at the present time (in 1880 W. H. 
Weed who named this feature reported finding cat- 
casses of six bears in the Gulch and in 1897 Dr. T. A. 
Jagger found eight bears in this ‘natural bear trap’).” 
It remains for some future investigator to determine 
whether the lethal effects are due to carbon dioxide of 
whether poisonous hydrogen sulfide is present in suffi- 
cient concentration to play a part. 
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Space does not permit the enumeration of all the 
chemical facts known about Yellowstone. Nor is it to 


be imagined that the knowledge we already have can 
fully explain all the chemical phenomena found there. 
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Much remains to be discovered, and chemists who aid 
in the solution of the many unsolved problems will con- 
tribute to a better understanding and greater apprecia- 
tion of this remarkable region. 
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Sand into glass. Fortune, 1, 69, 1930 (February). Chemical com- 
position of glass, raw material sources, manufacture, artistic glass- 
ware. 8 pictures. Popular: raw materials, processes, products. 20 
min. 

Diamond v. emerald, ruby, and sapphire. Fortune, 1, 49, 1930 
(March). Diamond Jim Brady, emerald, ruby, sapphire, Diamond 
syndicate, prices. 8 colored plates. Popular: properties, economics. 
25 min. 

Aluminum Co. of America. Fortune, 1, 68, 1930 (March). Hall’s 
process, early organization, Aluminum Co. enters fabricating field, 
structural alloys, future, financial, Aluminum Co.’s reputation. 6 
pictures. Popular: historical, raw materials, processes, products, 
economics, financial. 35 min. 

Petroleum. Fortune, 1, 47, 1930 (April). Oil resources, the re- 
finers, over-production, restriction. The Texas Corporation. 
Ibid., 1, 49. Corporate history, production statistics. Prospecting. 
Ibid., 1, 51. Location of oil. Drilling for oil. Jbid., 1,52. Drills, 


* Contribution from the Frick Chemical Laboratory of Prince- 
ton University. 

_{t The purpose of this bibliography and its method of compila- 
tion are outlined in Part I, J. Cuem. Epuc., 13, 76-81 (1936). See 
also Part II, zbid., 13, 540-544 (1936). 

t All of the articles from Fortune Magazine are popular; and 
some contain very little textbook chemistry. But the author has 
found them invaluable as source-material both for himself and 
for the student interested in the geological, geographical, eco- 
nomic, and financial aspects of industrial chemistry. In addition, 
the photographs and colored plates are superb. 

§ Numbers 1-300 are reserved for Chemical & Metallurgical 
Engineering; numbers 301-600, for Industrial and Engineering 

hemistry; numbers 601-900, for Fortune Magazine. 


mechanics of drilling, rejuvenating. Refining. Jbid., 1, 55. Dis- 
tillation, cracking, condensation of natural gas, hydrogenation. 
Shipping. Piping. 13 pictures, 2 portraits, 2 colored maps* of oil 
wells and distribution. Popular: history, raw material, processes, 
products, economics. Ihr. 

Copper briefly considered. Fortune, 1, 70, 1930 (April). Copper 
before the war, cost and price, African copper. World’s Record 
Hill. Jbid., 1, 71. Formation of Utah Copper land, discovery, or- 
ganization of Utah Copper Co., production, miners. Daniel Jack- 
ling. Life, financing, war service in explosives, interest in Africa. 
6 pictures, one colored plate* of the Brigham open pit mine. Popular: 
historical, raw materials, economics. 35 min. 

Gold, metal, and money. Fortune, 1, 38, 1930 (May). East 
African mines, industrial users, other sources, necessity for gold 
reserves, position taken by the United States. European action. 10 
pictures, 2 colored plates. Popular: properties, economics, finance, 
no chemistry. 35 min. 

Paper and power. Fortune, 1,65,1930 (May). International Paper 
Company timber, activities, paper power, steps in making newsprint. 
10 pictures. Popular: raw materials, processes, economics, no chem- 
istry. 25 min. 

A bourgeois engine. Fortune, 1, 64, 1930 (June). Diesel engine, 
advantages, limitations, marine engines, electric power, semistation- 
ary power, aircraft, locomotives, automobiles. 2 pictures, 1 por- 
trait, 1 diagram* of cylinders in action. Popular: historical, proper- 
ties. 20 min. 

Allied chemical and dye. Fortune, 1,81, 1930 (June). Uncommuni- 
cative, its leaders, 1920-30, aloof, allied products, nitrogen fixation 
details and statistics, Allied forces, Meyer and Weber. Popular: 
historical, processes, products, economics, financial. Chemical: re- 
search. 30min. 

Properties v. principles. Fortune, 1, 84, 1930 (June). Pure vs. 
applied science, Lavoisier, Frary phosgene, Langmuir tungsten, 





Acheson carborundum, Little research, Wesson cottonseed sand- 
wiches, Reese explosives, Whitaker absolute alcohol, Dorr classi- 
fier, Lewis time, Baekeland, Beckert steel, Moore helium, 13 
portraits. Popular. Chemical: research. 30 min, 

The lure of perfumes. Fortune, 2, 32, 1930 (August). Sensory 
appeal, flowers of Grasse, ambergris, musk, synthesis perfumes, 
fixators retarding evaporation, general types, American business. 
2 colored pictures, 4 portraits. Popular: raw materials, processes, 
products, no organic required. 15 min, 

Sait. Fortune, 2, 53, 1930 (August). 9 pictures* of salt mines. 
Parke, Davis and Co.—E. R, Squibb and Sons. Fortune, 2, 68, 1930 
(September). Tetanus toxin, ether from Squibb, adrenalin from 
Parke, Davis, insulin, medicine business and ethics, internal 
policies, advertising. 7 pictures, 4 portraits. Popular: products, 
properties, no organic required. Chemical: research. 40 min, 
Rubber. Fortune, 2, 78, 1930 (September). I—Firestone’s ven- 
ture. II—Rubber: a gift to America, world-wide resources, produc- 
tion costs. III—-Four Giants: Goodyear, U. S. Rubber, Goodrich, 
Firestone. History of their business. 10 pictures, 10 portraits. 
Popular: raw materials, economics, finance. 1 hr. 20 min. 
Nitrogen. Fortune, 2, 55, 1930 (October). I-—The world in its 
place: international agreement on nitrogen fixation. II—Chile 
nitrate site, history, Guggenheim process. III—Biggest Leuna: 
German production. IV—The Cosach: cost of Chile production, 
competition, profits. 17 pictures, 2 colored maps, 2 portraits. 
Popular: raw materials, processes, products, economics. Chemical: 
research, J hr. 

Atom 8S. Fortune, 2, 79, 1930 (October). Importance of sulfur, 
Greek mythology, atomic structure, gunpowder, Italian sulfur, 
Texas sulfur, pyrites, directions of Texas Gulf, use for acid, rubber, 
fertilizers, Frasch, Financial set-up of Texas Gulf Sulfur Co. and 
Freeport Texas Co. 2 pictures, 7 colored plates, 2 portraits. Popular: 
historical, raw materials, processes, products, properties, economics, 
financial. Chemical: equations, research. 35 min. 

Modern stained glass. Fortune, 2, 74, 1930 (December). Fused 
surface paint, opalescent glass, medieval method, art of placing 
windows, D’Ascenzo, Connick, preparing the cartoon, painting, 
leading, firing. 4 pictures, 7 colored plates,* 4 portraits. Popular: 
little chemistry. 35 min. 


Hard coal. Fortune, 3, 72, 1931 (February). I—Types of coal in 
Pennsylvania. II—Geography of anthracite, mining towns. III— 
Welsh bosses and Slav laborers. IV—Mine construction, mining, 
sorting, treatment above ground. V—Historic names and present 
chiefs. 13 pictures. 2 portraits, 1 map. Popular: raw materials, 
processes, little chemistry. 1 hr. 


Oil abroad: Teagle. Fortune, 3, 35, 1931 (March). Teagle, hard 
worker; Oil abroad. Anglo-Persian and Shell; Standard of New 
Jersey; Socony in the Orient; Vacuum Oil Co. 11 pictures, 1 por- 
trait, 1 map* of oil in the Orient, 1 table of Standard’s companies. 
Popular: raw materials, economics, finance. 1 hr. 


The masters of light. Fortune, 3, 41, 1931 (April). Carl Zeiss, 
light wave-lengths, refraction, rise of Bausch and Lomb, machine 
ground lenses, war breaks ties with Zeiss, precision glass, present 
management, a microscope, industrial metalloscope and spectro- 
scope, contour measuring, projector, reflectors. 4 colored plates* 
on polarizing microscope work, 6 other pictures on microscope sub- 
jects, grinding lenses, 2 pictures taken with infra-red including the 
famous one* showing the earth's curvature, 1 diagram of a micro- 
scope. Popular: historical, processes, products, properties, economics, 
financial, little chemistry. 35 min. 

NaCl + 2H:O-—>2NaOH + Ch + He. Fortune, 3, 58, 1931 (April). 
Michigan brine yields chlorine, bromine, magnesium for Dow Co.; 
bromine in medicine and photography, electrolysis of sodium chlo- 
ride, soap industry; chlorine for sulfuryl chloride in vulcanization, 
for carbon tetrachloride, chloroform, chlorb for ph ls and 
salicylic acid, coumarin; monochlorobenzene and am- 
monia form aniline; destroying German indigo monopoly, potential 
promise of Mg alloys, Dow as an economic enterprise. 2 pictures, 4 
colored plates,* 2 portraits. Popular: raw materials, products, 
properties, no organic required, economics. 30 min. 


Iron ore—making and remaking the map of steel. Fortune, 3, 85, 
1931 (May). Mesabi range, since 1889, Gary, Mather, Lake Superior 
ranges, Alabama’s Red Mountain, production costs, Birmingham vs 
Pittsburgh, other U.S. ore. 3 pictures, 6 portraits. 1 colored map* 
of U.S. iron. Popular: historical, raw materials, economics, finance. 
45 min. 

The expanding decade. Fortune, 3, 72, 1931 (June). Power; 
thyratron, the sun, the sea, gas and coal, hydrogenation, the hydro- 
carbon resources. Transportation: rockets, autogiro, zeppelin, 
monorail. Communication: waves, television. Labor saving: 
robot. Materials: elements, beryllium, stainless steels, carboloy, 
plastics. The home: conditioned air, frozen goods, health, new at- 
titude toward research. No pictures. Popular: raw materials 
processes, products, properties, economics. Chemical: research. 45 
min. 

The seven ages of Johns-Manville. Fortune, 3, 82, 1931 (June). 
Financial history, by-products, heat insulation, prospects, policies. 
5 pictures, 4 portraits. Popular: historical, raw materials, products, 
finance. 40 min. 
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Steel II: Raw material in costly motion. Fortune, 4, 52, 1991 
(July). Growth of the Duluth, Mesabi and Northern R 
today, profits, Great Lake steamers, decrease of Ohio fy 
future of Minnesota ore and its revenue. 10 pictures, 2 colored 
plates, 3 maps of iron, coal, and limestone deposits. Popular: 
raw materials, economics. 40 min. ‘ 
Gas balloon. Fortune, 4, 50, 1931 (August). Natural gas boom 
1930, sponsors, delivery cost problems, not a competitor of Coal, a 
localized product, expenses of producer, as enriching agent, some gas 
pipe lines. 4 pictures, 3 portraits, 1 map* of gas pipe lines in the 
U. S. Popular: raw materials, properties, economics, financial, 39 
min, 

All African copper. Fortune, 4, 31, 1931 (September). I~Thp 
Benguela Railway. Discovery of copper, development of railway, 
II—Still more Copper. Complications today: supply, cost; major 
deposits in Africa, current companies; labor ethics, cost of copper per 
pound, markets. 6 pictures, 10 colored plates, 1 portrait, 1 colored 
map* of African copper routes. Popular: historical, raw materials, 
economics, financial. 40 min. 

Steel III: Mill on the lake, Fortune, 4, 41, 1931 (September), 
Inland Steel Co. plant at Indiana Harbor, Indiana. Chemistry of 
blast, coke, open-hearth; rolling mills, personnel, financiers, cost of g 
ton of finished ore at Lake Port, production cost problems, some 
mill laborers, changes to meet new alloy demands. 9 pictures, § 
colored plates, 2 portraits. Popular: raw materials, processes, prod. 
ucts, properties, economics, financial. Chemical. 50 min. 
Limestone, a portfolio. Fortune, 4, 66, 1931 (September). 
superb pictures.* No reading matter. 

The U. S. liquor industry. Fortune, 4, 53, 1931 (October). Boot. 
legging hard liquor, beer belt. Excellent colored map* of liquor 
production and consumption in U.S. Popular: products, economics, 
no chemistry. 10 min. 

The emerald. Fortune, 4, 61, 1931 (December). Peruvian emeralds 
from ancient conquerors to the present day, mines few and unprofit- 
able, Colombia mines close, South African mines, South American 
mines primative, inaccessible, mining, cutting emerald owners, 
Appendix: jewels as investment, change in value at ten-year inter 
vals from 1880 to 1930. 5 pictures, 4 superb colored plates* of 
emeralds. Popular: no chemistry, raw materials, processes. 30 min, 
Procter & Gamble. Fortune, 4, 92, 1931 (December). Types of 
soaps, costs, advertising, other products beside soap, management, and 
profits. 7 pictures. Popular: historical, raw materials, processes, 
products, economics, finance. 25 min. 

Alaska Juneau—gold mine. Fortune, 5, 30, 1932 (January). Some 
gold producers, geology of Juneau deposits, Bradley’s scheme for 
mining, milling operations, costs, dividends. 3 pictures, 2 colored 
plates, 1 portrait. Popular: raw materials, processes, economics, 
Chemical, 30 min. 

The customer is always right. Fortune, 5, 73, 1932 (January), 
General American Tank Car Corporation adjusts its cars to carry 
nitric acid, sulfuric acid, phosphoric acid, hydrochloric acid, sodium 
hydroxide, chlorine, dry ice, milk, helium. 13 pictures, 1 portrait, 
Popular: products, properties, finance, some chemistry. 25 min. 
S.M.R. Fortune, 5, 48, 1932 (February). South Manchuria Rail- 
way, history, Manchurian exports and imports; coal, shale oil; 
trouble with China. 9 pictures, 2 colored maps of Manchuria, | 
table of soya bean products. Popular: historical, economics, litle 
chemistry. 35 min. 

Just all about cellophane. Fortune, 5, 74, 1932 (February). Early 
years of Du Pont Cellophane; wrapping foods and cigars, tricks 
profits, competitors, future. 10 pictures, 4 portraits, cellophane 
flow-sheet. Popular: historical, processes, products, finance, some 
chemistry. 40 min. 


Billions of bottles—Owens-Illinois Glass Co. Fortune, 5, 70, 1932 
(April). Composition of glass, Owens automatic blower, growth of 
Owens Bottle Co., Peiler feeder system, Owens-Illinois merger. 3 
pictures, 2 portraits. Chemical: processes, products. 25 min. 


Sunlight and shadow. Fortune, 5, 50, 1932 (May). Eastman 
Kodak film: profit, chemical processes of manufacture, distribution; 
international subsidiaries, competitors, types of film and customers, 
Eastman’s legacies, his methods, future research. Competitor: 
Agfa Ansco, its history, finances, and management. 11 pictures, 8 
portraits. Popular: raw materials, processes, products, properties, 
economics, finance. 1 hr. 20 min. 


Tin. Fortune, 5,74, 1932 (May). Geography, statistics, characters, 
tin problem. Tin’s fantastic hero: rise of Bolivian tin trade under 
Patino, American and British interests. A roomful of men: Tia 
Producers’ Association, Dutch Malay tin, British interests, world 
tin statistics, cost and consumption. 19 pictures, 5 portraits, | 
colored map* of Malay tin fields. Popular: economics, financial. 
1 hr. 20 min. 


National steel: a phenomenon. Fortune, 5, 31, 1932 (June). 
Profits of some steel companies, beginnings of National, Weirtos 
rises, Fink and auto steel, gentlemen’s agreements between com- 
panies, Humphrey of M. A. Hanna Co., suppliers of raw material, 
merger, success, transportation burden, steel markets, applied 
geography, future. 6 pictures, 2 portraits, 2 colored maps* of st 
along the Great Lakes. Popular: raw materials, economics, finané. 
50 min. 
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Seat of science, Fortune, 6, 19, 1932 (July). Swift rise of the Cali- 
fornia Institute of Technology, Mt. Wilson Observatory, great 
scientists at Cal. Tech. (1) The new genetics: Thomas Morgan's 
fruit flies. (2) The new physics: Einstein, Millikan, cosmic rays, 
Zwicky, photons. (3) The new cosmology: Einstein’s accomplish- 


ments; more light on Mt. Wilson, Michelson-Morley experiment 
and the general theory of relativity. (4) Applied science: high 
tension, X-ray tube, wind tunnel, aqueduct, earthquakes. Cal. 


Tech.’s endowment. 22 pictures, 17 portraits. Chemical: research. 
1 hr. 50 min. 

109 degrees below zero. Fortune, 6,74, 1932 (July). Consumption 
of dry ice, properties, troubles finding a market, original purpose, 
Prest-Air Devices Co., fish shipments, financed by Heckscher, Dry 
Ice Corp. begins, Schrafft the first customer, shipping advantages, 
expansion troubles, competitors, patent failures, Michigan Alkali, 
possible uses, silica gel, unfrozen car loads, stabilization of dry ice. 
4 pictures, 4 portraits. Popular: historical, raw materials, products, 
properties, economics, finance. 35 min. 

Nitrogen. Fortune, 6, 43, 1932 (August). I—We Must Have It: 
Crookes’ forecast, Chile source, early attempts, Fritz Haber taps an 
unlimited supply, world production after the war. II—We Must Eat: 
chemical fertilizers bring new agriculture, world fertilizer consump- 
tion. I1]—We Will Kill: Nobel and nitrogen have remade political 
strategy and the art of war. IV—-We Hoped to Make Money: 
rush of Germany, England, France, and the U. S. A. to make am- 
monia, World production, depression and cartels, fall of Chile, the 
future, costs. 18 pictures, 12 colored plates, 15 portraits. Popular: 
historical, raw materials, processes, products, economics, financial 
Chemical: research. 2 hr. 10 min. 

The marble of Vermont. Fortune, 6, 46, 1932 (October). Cost, pro- 
duction, treatment, U. S. vs. European marble, other U. S. marbles. 
7 excellent pictures,* 1 portrait. Popular: raw materials, processes, 
economics. 25 min. 

Fifteen U. S. corporations, A.D. 1932. Fortune, 6, 17, 1932 ( Novem- 
ber). Financial status of General Electric, Aluminum Co. of America, 
Great Atlantic & Pacific, American Radiator, and Standard Sani- 
tary, Commercial Investment Trust, Kennecott Copper, United 
Aircraft and Transport, Gold Dust. 4 excellent pictures. Popular: 
finance, no chemistry. 50 min. 

Twenty Mule Team Borax. Fortune, 6, 40, 1932 (November). 
Pacific Coast Borax Co. vs. American Potash and Chemical Co., 
discovery in Death Valley, developing it, trucking it out. 5 pic- 
tures, 2 portraits, 2 colored plates, map of Death Valley. Popular: 
historical, processes, products. Chemical. 25 min. 

Harry Sinclair (Oil). Fortune, 6, 57,1932 (November). 12 pictures, 
6 portraits, map* showing oil fields and refineries of Consolidated 
Oil Corporation. Omit text material. 

Labor saving machines. Fortune, 6, 25, 1932 (December). Modern 
machines for handling, digging, making machines, metals, power, 
food, clothes, and the farmer. 19 superb pictures.* Engineering: 
equipment design, some chemistry. 1 hr. 

The greenhouse farm flower. Fortune, 7, 54, 1933 (February). 
Sugar beet, source of U. S. sugar, Great Western sugar, competition, 
nature of the beet. American Sugar Refining Co., financial structure, 
refining problems and costs, sources of cane sugar. 15 pictures, 13 
portraits, 1 map of beet sugar in the U. S. Popular: products, 
processes, economics, finance, little chemistry. 1 hr. 

The U. S.: A self-contained nation? Fortune, 7, 49, 1933 (March). 
Question answered by analysis of imports, exports, strategical ma- 
terials. 1 table of commodities. Chemistry: raw materials, eco 
nomics. 25 min. 

International Silver Company. Fortune, 7, 70, 1933 (April). In- 
ternational Silver Company types of silverware, finances, history 
of Roger Brothers sales. 6 pictures, 3 portraits. Popular: economics, 
jinance, no chemistry. 30 min. 

Water still freezes. Fortune, 7, 73, 1933 (May). American Ice 
before, during, and after introduction of electric refrigerators, Oler, 
Small, operation of ice-freezing plant, liquid ammonia-brine-fresh 
water, commercial users, Knickerbocker Laundry, profit and sales. 
4 pictures, 3 portraits. Popular: raw materials, processes, finance, 
little chemistry, but section on making ice is excellent. 30 min. 

Gold in Canada. Fortune, 7, 30,1933 (June). 1933 gold rush, gold 
underground, coming up, extraction, deposits, General Airways 
miners, six gold companies, history. 21 pictures, 1 portrait, 1 dia- 
gram* of gold mine, 1 map* of gold in Canada. Popular: historical, 
raw materials, processes, economics, finance. Chemical, I hr. 

Air reduction. Fortune, 8, 24, 1933 (July). Oxyacetylene uses, Air 
Reduction’s rise, two gases and one industry, welding, Union Car- 
bide, alcohol, rare gases, cost and profit of oxygen and acetylene. 
13 pictures, 6 portraits. Popular: raw materials, processes, products, 
properties, economics, financial. Chemical. 35 min. 

850,000,000 bottles for beer. Fortune, 8, 48, 1933 (July). Owens- 
Illinois business slow starter, prohibition repealed, bottle making 
machine explained,* number of bottles consumed, non-beer bottles 
earnings, consolidation, Levis, National Distillers, 2 pictures, 1 por- 
trait, 1 diagram of a bottle machine, 1 graph. Popular: processes, 
economics, financial, Engineering: equipment. 40 min. 

Silver, just silver. Fortune, 8, 56, 1933 (July). Governments, 
downfall of silver, source and consumption, collapse in Orient, 
plans for silver renaissance: bimetallism, summetallism, bank ree 
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serves, for paying war debts, international price pegging, the world 
looks at silver. 15 pictures, 1 excellent colored map* showing world 
production and consumption of silver. Chart of silver prices. 
Popular: historical, raw materials, economics, finance, little chemistry. 
1 hr. 

Restlessness in steel. Fortune, 8, 52, 1933 (September). Auction 
of Continental Shares Incorporated. Republic Steel: Boss Girdler, 
four young executives, 118 million tons iron ore reserve, 160 million 
tons coal reserves, 13 blast furnaces capacity 2,622,000 tons of pig 
iron, 68 open hearths, 2 Bessemers, 7 electric furnaces capacity 5 
million tons ingots, 50 assorted products—alloys to tubing, the author- 
ities, steel companies’ profit and loss during depression. 5 pictures, 
14 portraits, 1 excellent table* showing producers and consumers of 
fabricated goods, and a chart on special steels. Popular: raw ma- 
terials, products, economics, finance, little chemistry. 45 min. 

Swiss Family Dreyfus. Fortune, 8, 50, 1933 (October). History of 
Dreyfus Celanese, the viscose process, financial difficulties, in Switzer- 
land, in England, in the U. S. A., trouble in processing, financing, 
marketing. Protectoid, No. 1 threat to du Pont’s Cellophane. 3 
pictures, 2 colored plates,* 2 portraits. Popular: historical, raw 
materials, processes, products, economics, financial. 1 hr. 

Code for coal. Fortune, 8, 57, 1933 (October). Soft coal industry, 
unionism, history of companies; location of coal deposits, pay, new 
machine treatment, the coal code enters. 10 pictures, 6 portraits. 
Popular: processes, economics, little chemistry. 35 min. 

Whiskey. Fortune, 8, 28, 1933 (November). Whiskey primer pro- 
duction, costs, and prices, financial set-up of national distillers, 
Hiram Walker, Publicker, Distillers Co., Ltd., others. 23 pictures, 
5 colored plates, 17 portraits. Popular: historical, products, econom- 
ics, financial. 2 hr. 30 min, 

The endocrine glands. Fortune, 8, 76, 1933 (November). A primer 
of the endocrine glands, medical authorities, violent discussion, ac- 
cepted knowledge, anterior pituitary research, experimental and 
clinical, adrenal cortex discovery, isolation, and properties. Sex 
hormones, a gallery of endocrine workers from Descartes to Zondek, 
glandular medicines, quacks, the future. 26 excellent pictures, 24 
portraits. Popular: historical, products, properties. Biological. 1 
hr. 

The steel rail. Fortune, 8, 42, 1933 (December). History of track 
styles, company competitions, cost of a ton of pig iron. 8 pictures.* 
Popular: economics, financial, no chemistry. 35 min. 

Life goes on. (Glass). Fortune, 9, 42, 1934 (January). Pitts- 
burgh plate glass and paint manufacturers, sales, John Ford and 
Pitcairn found Pittsburgh Plate Glass Co., Ford leaves, paint, 
Henry Ford, continuous casting, Pittsburgh Plate follows, Triplex 
safety glass, Duplate safety glass, Plate glass chemical business, 
soda ash, financed Southern Alkali Company. 11 pictures. Popular: 
economics, financial, no chemistry. 50 min. 

U. S. Rubber. Fortune, 9, 52, 1934 (February). 1—The corporate 
state: Du Pont buys U. S. Rubber, history of company, financial 
status. II]—Sumatra: life on rubber plantation. III]—Lastex: 
manufacture of lactron, weaving Lastex, Lastex products. 19 pic- 
tures, 2 colored plates, 2 portraits. Popular: raw materials, processes, 
products, properties, economics. 1 hr. 25 min. 

The great radium mystery. Fortune, 9,70, 1934 (February). Cost 
of radium, Mme. Curie, Becquerl’s discovery, scarcity of radium and 
relations to uranium, origin of radium, Congo and Canadian radium, 
discovery of pitchblende in Great Bear Lake region by LaBine 
prospecting for Eldorado Gold Mines Inc., development of ore, 
operations in Canada. Radium history: Mme. Curie, Bohemia mo- 
nopoly to Colorado carnotite to Congo to Canada. Importance in 
luminous paints, in medicine, quantity of radium ore owned by 
hospitals; description of Canadian ore as regards quality, extent, 
availability, extraction. 17 pictures,* 2 colored plates, 3 portraits, 
1 map. Popular: historical, raw materials, economics. 50 min. 
Cinchona—quinine to you. Fortune, 9, 76, 1934 (February). Rise 
and status of Dutch quinine monopoly. 10 pictures, 2 portraits, 1 
map, 1 graph of cinchona consumption. Popular: raw materials, 
economics, finance, little chemistry. 35 min. 

Armaments—arms and the men. Fortune, 9, 51, 1934 (March). 
Krupp in Germany, Bethlehem Steel in the U. S., England’s Vickers- 
Armstrong, France’s Schneider-Creusot, Czech’s Skoda, international 
operations of armament makers, government curtailment. Ap- 
pendix: armorers prolong war. 7 pictures, 2 colored plates, 9 por- 
traits. Popular: finance, no chemistry. 1 hr. 

Management by Morgan. (Johns-Manville). Fortune, 9, 82, 
1934 (March). Morgan control, history of Manville Co., manage- 
ment, roofing, brake lining, 1400 other products. Description of 
asbestos: mining, crushing, spinning. Insulation with magnesia, 
diatomaceous earth; rock-wool; aluminum. Roofing, brake lining, 
acoustical insulation, prefabricated houses. 19 pictures, 5 portraits. 


Popular: raw materials, properties, products, little chemistry. 1 hr. 
20 min. 

Bunyan in broadcloth: The house of Weyerhaeuser. Fosiune, 9, 
62, 1934 (April). I—Growth chart of its major interests. I1—Map 


of U. S. timberland showing Weyerhaeuser domain and markets. 
11l—History of logging business, logging procedure, costs of opera- 
tion. IV—Freight competition and taxes, governmental codes to 
overcome 8 serious difficulties. 33 pictures, 6 portraits, 1 cobored map, 
Popular: historical, processes, economics, little chemistry. 2 hrs. 20 
min. 
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Continental Can Co. 
and American Can, composition of tin cans, profits per can, relation to 


Profits in cans. Fortune, 9, 77, 1934 (April). 


merger, its 
finance, no 


Conway, U. S. Can-Continental Can 
10 pictures, 2 portraits. Popular: 


food market, 
customers today. 
chemistry. 55 min. 
U. S. government construction. Boulder Dam. Fortune, 9, 92) 
1934 (May). TVA. IJbid., 11, 93 1935 (May). A Portfolio of New 
Deal Reconstruction. Jbid., 14, 76, 1936 (November). Grand Coulee 
Ibid., 16, 79, 19387 (July). Descriptions of governmental construc 
tion. Many pictures, some colored, some maps. No chemistry. 1 
hr. 

Lucky Homestake. Fortune, 9, 98, 1934 (June). Reaching Lead, 
S. D., in the Black Hills, history of gold rush to Homestake, operat- 
ing costs. Homestake policies. 6 pictures, 10 portraits, 1 map. 
Popular: historical, finance, no chemistry. 45 min. 

Four walls around an industry. Fortune, 10, 64, 1934 (August). 
Nickel at Sudbury, geology, ore value, flotation, smelting, Oxford 
Ni-Cu separation, Nickel men, nickel steels, monel metal, other alloys, 
corporate nickel. 7 colored plates,* 1 portrait. Popular: raw ma- 
terials, processes, products, economics, financial. Chemical. 45 min. 


The Aluminum Company of America. Fortune, 10, 46, 1934 (Sep- 
tember). Accused monopoly-holder, most-investigated company, 
Hall method, Heroult method, Hunt and Davis, selling Griswold 
aluminum kitchen utensils, changing name to Aluminum Company 
of America, preducer and fabricator, aluminum alloys, troubles with 
big customers, Ford and aluminum, position of Bohn aluminum and 
brass. Daush Machine Tool Co., duralumin and Mr. Haskell, 
aluminum scrap a monopoly check; charges reviewed: monopoly, 
production, complications, Mellon interests, unfair competition. 
Appendix: production statistics. 3 pictures, 5 portraits. Popular: 
raw material, processes, products, economics, finance, little chemistry. 
Lhr. ; 

Du Pont. Part I. Fortune, 10, 64, 1934 (November). History of 
the rise of the Du Pont family. 9 pictures, 41 portraits. Family 
tree of the Du Pont family. Popular: historical, finance, no chemistry. 
2 hrs. 10 min. 

Salt of the island. Fortune, 10, 78, 1934 (November). Hayes dis- 
covers salt on Avery Island in Louisiana 1791, Marsh evaporates 
salt 1801, subsequent history, operations by International Salt Co. 
7 pictures* showing mining and treatment of salt. Popular: raw 
materials, processes, no chemistry. 10 min. 


“To Develop the State of New Jersey.” Fortune, 10, 96, 1934 
(November). Public Service Corporation of New Jersey, electric 
street cars, Thomas McCarter and the birth of public utilities, quest 
for efficiency, rates, political regulation, revolt in Camden, electric 
department, gas, transport. 1 picture, 7 colored plates, 3 portraits, 
2 colored maps of the New Jersey Public Service lines. Popular: 
economics, finance, no chemistry. 1 hr. 30 min. 


Embarrassed empire. Fortune, 10, 70, 1934 (December). Dutch 
doggedness, depression, Juliana’s marriage, Holland off the gold 
standard, political troubles, Dutch East Indies, Dutch colonizers, 
threats from Japan, commodities in Dutch East Indies, the native. 
Appendix: summary of Dutch commodities. 20 pictures, 11 por- 
traits. Popular: historical, raw materials, economics, no chemistry. 
1 hr. 30 min. 
Du Pont. Part II. An industrial empire. Fortune, 10, 80, 1934 
(December). Explosive sales, post war products, nitrocellulose, 
rayon, viscoloid, Duco, fabrikoid, tetraethyl lead, Cellophane, 
chemist’s chemicals, dyes, paints, varnishes, explosives. Du Pont 
II. A management and its philosophy. Jbid., page 86. 7 pictures, 
1 colored plate, 8 portraits. Popular: historical, raw materials, 
processes, products, properties, economics, financial. Chemical: 
research. 2 hrs. 

Diesels on wheels. Fortune, 10, 106, 1934 (December). Fuel prgb- 
lems, light weight, chemistry of explosion, Kettering goes Diesel, 
locomotives, automobiles, tractors, industry figures. Appendix: 
stationary and marine Diesels. 13 pictures, 4 portraits. Popular: 
historical, properties, economics. 45 min. 

The power and the glory. Fortune, 11, 62, 1935 (January). Du 
Ponts and their conquest of Delaware. No chemisiry. 


United States Leather. Fortune, 11, 57, 1935 (February). United 
States Leather Company vs. U. S. Government, chemistry of tanning, 
leather prices, tanning economics. 10 pictures, 3 portraits. Popular: 
raw materials, processes, products, economics, financial. 40 min. 


The Manchurian muddle. Fortune, 11, 80, 1935 (February). Mili- 
tary history; Japan wants Manchukuo, not to colonize or exploit, 
but to fight; the army and prime minister against China; the army 
vs. the Japanese government and the S. M. R. 13 pictures, 2 colored 
plates, 7 portraits, 2 colored maps* showing Manchukuo raw mate- 
rials. Popular: raw materials, economics, little chemistry. 1 hr. 15 
min. 

Power of gravity (International Cement). Fortune, 11, 54, 1935 
(March). Cement industry young, expensive handling, compositions 
of concrete highways, management and competitors of International 
Cement, chemistry of cement: marl, grinding, kiln heating, Incor 
quick-setting cement. Uses, governmental and international. 13 
pictures,* 4 portraits. Popular: only small section on chemistry of 
cement. I hr. 20 min. 

Economics of silk production, 


Silk. Fortune, 11, 68, 1935 (March). 
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and rayon’s threat. 27 pictures, 5 colored plates, 3 portraits, Popu- 
lar: raw materials, processes, no chemistry. 1 hr. 30 min. 
Diamonds. Fortune, 11, 66, 1935 (May). Geological distribution 
and geographical location of diamonds, comparison with other pre. 
cious stones, diamonds from India, Brazil, discovery at Kimberley, 
type of diamond deposit, method of mining, growth of Kimberley, 
Rhodes, Barnato, formation of diamond empire, how many dia. 
monds, the diamond syndicate, the cartel, recent deals, the Diamond 
Corporation. 20 pictures, 6 colored murals, 3 maps. Populay; 
historical, raw materials, processes, economics, little chemistry. 1 hy, 
20 min. 

30,000 guardians (diamond-cutters). Fortune, 11, 96, 1935 (June), 
Fluctuating values in diamonds, history of Amsterdam diamond 
cutters, Antwerp’s boom; science of diamond cutting, types of 
facets, cleaving, sawing, cutting, polishing, craftsmen, organization 
of the industry, speculators. 11 pictures, 2 colored diamond trade 
maps, 8 precious stone diagrams. Popular: historical, processes, 
products, economics, liltle chemistry. 30 min. 

King of bottled beer. Fortune, 12, 42, 1935 (July). Anheuser. 
Busch, production and finances, history, beer ingredients, brewing 
process, profits and losses. 11 pictures, 5 colored plates, 7 portraits, 
Popular: raw materials, processes, economics, little chemistry. 1 hy. 
10 min. 

Doing something for silver. Fortune, 12, 74, 1935 (July). U.S. 
Smelting, Refining & Mining Company: production, financial status, 
past history. Mexican mines: cost of production, history, revolu- 
tionary use of the cyanide process, silicosis problems, taxation, 
Utah lead, zinc, and coal. Alaskan smelting, production figures, 
company policy. 13 pictures, 5 portraits. Popular: historical, raw 
materials, processes, products, economics, finance. Chemical. 1 hr. 
Gold in the Philippines. Fortune, 12, 58, 1935 (August). 1933 
boom, 1934 crash, encouraging future, international complications, 
6 pictures, 5 portraits. Popular: economics, no chemistry. 40 min. 
18,500,000 gallons of paint. Fortune, 12, 70, 1935 (August). Sher- 
win- Williams Company, automobile and railroad customers, finances, 
diversification, history, manufactures its own raw materials, coal-tar 
dyes, lacquers, resins, management since the war. 5 pictures, 2 
colored plates, 3 portraits. Popular: historical, raw matcrials, proc- 
esses, products, properties, economics, some chemisiry. 50 min. 
Hercules Powder. Fortune, 12, 56, 1935 (September). Hercules 
products, development during war, present departments and person- 
nel, explosives, naval stores, nitrocellulose, Virginia cellulose, paper- 
makers’ chemicals. 18 pictures, 1 group portrait. Popular: his- 


torical, raw materials, processes, products, properties, economics, 
finance. Chemical. J hr. 
Alcohol and tobacco. Fortune, 12, 67, 1935 (September). Alcohol: 


liquors, pharmacology, food value, dose producing drunkenness, 
cure of alcoholism. Tobacco: annual consumption, nicotine content 
and effect, smoke irritation, advertisements, effect on heart and wind. 
1 colored caricature, 5 portraits, 1 diagram. Popular: properties. 
Biological. 40 min. 

Republic Steel. Fortune, 12, 76, 1935 (December). Climb since 
1930, management by Girdler, products, plants, location, raw 
material costs, Pittsburgh plus, merger, integration, significance of 
security changes. Republic II. Corrigan and McKinnecy, page 83. 
4 pictures, 7 photomicrographs in color, 24 portraits. Popular: 
raw materials, economics, financial. 1 hr. 10 min. 

Beer into cans. Fortune, 13, 75, 1936 (January). Problems in 
manufacturing cans. 11 pictures, 1 colored plate showing types of 
beer cans. No assignment. 

The trouble with gold is—. Fortune, 13, 69, 1936 (February). Gold 
abandoned, world production, chemical uses, international reserves, 
history of gold standard, post-war, politics 1930-1936, future. 2 
pictures, 1 excellent colored map* on world gold, 1 excellent graph* 
showing annual production of gold since 1492. Popular: economics, 
finance, no chemistry. 50 min. 

Gyp. Fortune, 13, 86, 1936 (February). Avery of U. S. Gypsum 
Co., alabaster, distribution, industrial uses, financial set-up, new 
lines including plasterboard, Certenteed beaten in price war, ma- 
terials and manufacture of gypsum plaster and wall-board, not 
interested in prefabricated houses. 9 pictures,* 9 portraits. Popular: 
processes, products, financial. 40 min. 

The U. S. Steel Corporation. I. Fortune, 13, 58, 1936 (March). 
Description of interior of steel works, ownership, production, costs, 
history, too big, geography, prices, ore vs. scrap. Myron Taylor: 
finances, operations, sales, organization, men, future. Appendix: 
major subsidiaries, iron ore, coal, railroads. 8 superb pictures show- 
ing steel processes, 1 colored map showing properties, raw materials, 
and U. S. steel production. Popular: historical, raw matcrials, 
processes, products, economics, finance, little chemistry. 2 hrs. 30 
min. 

What man has joined together. Fortune, 13, 68, 1936 (March). 
Celluloid, Bakelite, 1935 production, chemical compositions of some 
plastics, phenolics, Catalin, molded formaldehyde-urea, businesses 
of different companies, cellulose family, older plastics, applica- 
tions and limitations. 4 pictures, 4 superb colored plates,* 5 portraits. 
Popular: historical, raw materials, products, properties, economics. 
Chemical: research. 1 hr. 

The Department of Agriculture. Fortune, 13, 94, 1936 (April). 
Farmer's pests, quarantine for crops and animals, substitute for lead 
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arsenate sprays, soybean, pest-resistant crop, farm by-products, 
Department organization. 25 pictures, 6 colored plates. Popular: 
products, properties. 50 min. 

Colgate-Palmolive-Peet. Fortune, 13, 120, 1936 (April). Financial 
comeback, extensive products, rise of Colgate, Palmolive soap, soap 
production costs, advertising, competitive markets for soaps and 
creams, world markets. 17 pictures. Popular: products, economics, 
financial, no chemistry. 40 min. 

The U. S. Steel Corporation: II. Fortune, 13, 126, 1936 (April). 
Social interest, price and labor policies have affected national 
economy, current history, special demands of automobile industry, 
government action. 2 pictures, 4 graphs showing price movements. 
Popular: economics, no chemistry. 1 hr. 20 min. 

The wonders of diet. Fortune, 13, 86, 1936 (May). Motley human 
diets, reactions of the stomach, dietary fads, reducing, vitamins. Ap- 
pendix: diet primer, the 5 foods, food into weight, digestion, allergy. 
9 pictures, 6 colored plates, 3 portraits, 1 excellent colored chart* 
showing caloric value of common foods. Popular: properties. 
Biological. 40 min. 

The U. S. Steel Corporation: III. Fortune, 13, 92, 1936 (May). 
Employees, corporate philosophy, welfare and warfare, basic wage of 
national importance, breakdown of the system, accident prevention, 
housing. 9 pictures. Popular: economics, no chemistry. J hr. 
Name, Schenley; age, three. Fortune, 13,99, 1936 (May). Policy, 
management, making whiskey, history, costs. 7 pictures, 3 colored 
plates, 4 portraits. Popular: processes, economics, finance, no chem- 
istry. 50 min. 

Owens again, and why. Fortune, 13, 112, 1936 (May). Glass 
bottles, rise of Owens-Illinois, construction blocks, glass fiber bats. 


6 pictures, 2 colored plates.* Popular: processes, products, no 
chemistry. 30 min. 
$57,000,000 for valves. Fortune, 13, 76, 1936 (June). Crane 


16 pictures,* 4 portraits. 


valves, their vse in chemical industry. 
equip- 


Popular: products, economics, no chemistry. Engineering: 
ment design. 30 min. 
U. S. Steel Corporation. IV. Fortune, 13, 113, 1936 (June). Why 


U. S. Steel has pleased neither stockholders, customers, nor em- 
will present plans solve its dilemma. Myron Taylor. 4 
pictures, 18 portraits. Popular: financial, no chemistry. 1 hr. 
Men, yen, and machines. Fortune, 14, 67, 1936 (September). 
Japanese efficiency, geography, monopolistic industries, Mitsui con- 
trol, natural resources, cheap labor, financial control. Japan’s 
industries: cotton, raw silk, rayon, woolens, chemicals, ceramics. 
3 pictures, 10 portraits, 6 excellent colored charts.* Popular: raw 
materials, products, economics, finance. 45 min. 

The proof of the pudding. Fortune, 14, 76, 1936 (September). 
Japanese profits 1935, efficiency balances lack of raw materials, yen 
depreciation, export boom, trade restrictions, Manchukuo, national 
budget. 7 pictures. Popular: raw materials, economics, finance, no 
chemistry. 45 min. 

Element number forty-two. Fortune, 14, 105, 1936 (October). 
Climax Molybdenum owns 95 per cent. of all in sight, discovery, 
mining, history, compositions of special steels, monopoly. 10 
pictures, 3 portraits. Popular: raw materials, products, properties 
economics, finance, some chemistry. 50 min. 

“I Am What Mr. Roosevelt Calls an Economic Royalist.” E. T. 
Weir. Fortune, 14, 118, 1936 (October). Financial problems in 
managing the National Steel Corporation. 2 pictures, 3 superb 
colored p'ates* showing steel factories. Popular: finance, no chem- 
istry. 40 min. 

The rolling tire. Fortune, 14, 98, 1936 ( November). Rubber profits, 
Commerce Clause effects, Akron, tire men, price cutting, cotton, 
plantation, better tires, management and labor. 12 pictures, 3 por- 
traits, one colored. Popular: historical, properties, economics, finance, 
no chemistry. 1 hr. 30 min. 

Anaconda: I. Fortune, 14, 82, 1936 (December). Copper statistics, 
international Anaconda, Butte prosperity, smelters, refiners, dis- 
covery of copper at Butte, use of Anaconda, Chile, mergers, 
end to expansion. Copper: world commodity. Jbid., 94. Prices, 
agreement among producers, tariff, another cartel. 13 pictures, 
4 colored plates* of ore towns, 1 colored map of the Anaconda Em- 
pire, 1 graph of world copper statistics. Popular: historical, raw 
materials, processes, economics, financial. Chemical. 1 hr. 40 min. 
Gas masks. Fortune, 14, 120, 1936 (December). Principle of gas 
masks, propaganda, cheap, mass terror, gases, development of masks, 
physiological effect. 22 pictures, 1 diagram of mask. Popular: 
products, properties. Chemical. 50 min. 

Anaconda: II. Fortune, 15, 70, 1937 (January). Anaconda mer- 
gers, brass market, modern alloys, management, sales development. 
6 pictures, 4 superb colored plates of copper fabrication. Popular: 
historical, products, properties, economics, finance. Chemical. 1 hr. 
Pioneer without profit. Fortune, 15, 83, 1937 (February). E. G. 
Budd builds all steel automobile bodies and stainless steel trains, 
expansion in Europe, depression, rise of stainless steel, Budd personnel. 
9 pictures, 6 portraits. Popular: finance, no chemistry. 50 min. 
Cancer: the great darkness. Fortune, 15, 112, 1937 (Marck). 
Doctor-patient problems, research funds, history of cancer, death 
rates, normal tissue, tumors and cancer cells, non-infectious, virus or 
not, heredity, irritation, cancer-causing agents, treatment by X ray. 
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quacks, some common cancers. 6 pictures. Popular: historical, 
properties. Biological. J hr. 
Koppers. Fortune, 15, 66, 1937 (April). Wide-flung coal by- 


products, coke’s progress, war, changing interests, Southern mining, 
engineering utilities, Rust succeeded by Tierney, coal, coke, gas, tar 
derivatives. 11 pictures, 5 colored plates, 4 portraits. Popular: 
historical, raw materials, processes, products, economics, liltle chem- 
istry. 40 min. 

Armstrong cork. Fortune, 15, 102, 1937 (May). Lancaster, Penn- 
sylvania; cork from Spain, linseed oil, company’s development, 
management, varied products, cork stoppers, linoleum, insulation 
for hot and cold, Armstrong’s credo, Cork: source, physics of cork. 
8 pictures, 3 colored plates, 3 portraits. Popular: historical, raw 
materials, products, finance, little chemistry. 1 hr. 

Scrap is an issue. Fortune, 15, 119, 1937 (May). Value of scrap 
iron, use in furnaces, types of junk dealers’ scrap, history, financial 
handling. 6 excellent pictures,* 3 portraits. Popular: historical, 
properties, economics, financial. 25 min. 

The benevolent St. Joe. Fortune, 15, 92, 1937 (June). St. Joseph 
Lead Co. price slash, lead belt geology, production, rise, price struc- 
ture, Appendix: zinc and gold economics. Jbid., page 146. Pay, 
St. Joseph labor, lead poisoning. 10 pictures, 2 portraits. Popular: 
raw materials, economics, financial. 45 min. 

Smoke. Fortune, 15, 100, 1937 (June). Some chemical smokes, 
world smokes, smoke survey in U. S. A., damages, smoke eliminators, 
abatement, London smoke, 3 pictures. Popular: properties. Chemi- 
cal, 20 min. 

Mystery: The American Viscose Corp. Fortune, 16, 38, 1937 
(July). Biggest rayon producers, London owned, financial history, 
manufacturing details, American promotion, competition, research 
development. 10 pictures. Aliso ‘‘And who will weave it?” Jbid., 
page 44: Burlington Mills rayon fabric, financial development, 


profits, success. 4 colored plates, 1 portrait. Popular: historical, 
raw materials, processes, products, economics, finance. Chemical. 
L hr. 10 min. 

“Crying and crying” (oil). Fortune, 16, 60, 1937 (July). Oil well 


supply man, location of wells, National Supply Company, distributor 
of oil well equipment, climbs phenomenally, tough competition, sell- 
ing practices, deeper wells, unit pumps. 17 pictures. Popular: 
products, financial, no chemistry. 55 min. 

Grand Coulee. Fortune, 16, 79, 1937 (July). Statistics on the 
Grand Coulee Dam. 17 pictures, 1 colored plate, 1 map. See also: 
A Portfolio of New Deal Reconstruction. Jbid., 14, 76, 1936 (Novem- 
ber). Other government constructions. 13 pictures. 

Union Bag and Paper Corp. Fortune, 16, 46, 1937 (August). Bag 
markets, financial mismanagement and success, 1930 president, 
other personnel, Southern pulp, cost of production, machines, the 
future. 7 pictures, 2 colored plates, 1 portrait. Popular: raw ma- 
terials, economics, financial, no chemistry. 50 min. 

They may have needed oxygen. Fortune, 16,61, 1937 (August). For- 
tune proposes and defends theory that pilots’ errors at high altitudes 
are caused by oxygen deficiency. 3 pictures. Chemical: properties, 
research. 30 min. 

Gulf Oil. Fortune, 16, 78, 1937 (October). Vast enterprises, Mellon 
oil, growth of Gulf Oil, Scientific prospecting, Drake strengthens mar- 
keting and reforms Gulf Oil, in South America. 20 pictures, 1 colored 
plate, 1 portrait, 1 colored map* of Gulf Oilin the world. Popular: 
raw materials, economics, no chemistry. 45 min. 

Economics of paper. Fortune, 16, 110, 1937 (October). Tremendous 
consumption, problems, timber, softwood pulp history and modern 
discoveries, integrated mills, kinds of paper, customers. Paper II. 
Fifteen Paper Companies, /bid., 132, 1937 (November). No assign- 
ment. 4 pictures, 1 diagram of paper-making machine, 3 colored 
maps* showing world forests and paper capacities. Popular: raw 
materials, processes, products, economics, no chemistry. 40 min. 
Painting restoration. Fortune, 16, 127, 1937 (November). Poor 
restorations, preservation of masterpieces; use of X-ray, infra-red, 
ultra-violet, chemical analysis, photomicrography; some delicate 
restorations. 3 pictures, 6 excellent colored plates,* 3 portraits. 
Popular: processes. 35 min. 

Chemical industry. Fortune, 16, 82, 1937 (December). Modern 
research methods: Midgley, Kettering, I. Crit. Tables. LeBlanc 
Soda: cheap necessity, contemporaries of LeBlanc, industries revo- 
lutionized by its discovery, iow outmoded. Chemical industry: 
creates better-than-nature products from common substances, knows 
whither it goes. Chemical industry: its youth, growth by demand, 
rise in U. S. A. Chemical industry policies: shift in products, effi- 
ciency, lower prices, codperation, products on demand, legal impetus, 
fashions, does not want war. Industrial chemistry Il. Jbid., page 
162. First synthetic dye discovered, Solvay process for alkali 
supercedes LeBlanc’s, petroleum is distilled, electrolysis gains im- 
portance, Frasch mines sulfur, sulfuric acid, chlorine, ammonia and 
nitrogen, hydrogen. 3 pictures, 2 colored plates, 1 chart* of principal 
raw materials. Popular: historical, raw materials, processes, products, 
properties, economics. Chemical: research. 1 hr. 20 min. 

South AmericalII. Peru. Fortune, 17,48, 1938 (January). Minia- 
ture South America, trade balance; life in Sierras, mountains, coast; 





1 Reprints of this article may still be obtained, at fifteen cents apiece, from 
Fortune, 135 East 42nd Street, New York City. 
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economics, U. S. capital, foreign capital; politics, improvements. 
Popular: raw materials, economics, no chemistry, 1 hr. 30 min. 
South American I: The Continent. Jbid., 16, 92, 1937 (December). 
No assignment 

734. Coal at a profit: Island Creek. Fortune, 17, 86, 1938 (March). 
West Virginia mine, profits, coal demand, poor location, good coal, 
history of mine, prices, problems, government regulation. 3 pic- 
tures, 6 colored plates. Popular: raw materials, economics, little 
chemistry. 1 hr. 

735. South America III: Chile. Fortune, 17, 74, 1938 (May). Contem- 
poraneous picture, war collapse, the people, standard of living, social 
problem, Guggenheim copper, industry, foreign investments, re- 
organization of the nation, agriculture, wages, politics, future. 9 
pictures, 3 colored plates, 1 colored portrait. Popular: raw materials, 
economics, I hr. 15 min. 

736, Flintabbatey Flonatin, Esq. Fortune, 17, 53, 1938 (June). Hudson 
Bay mine, financed from New York, ore economics; Creighten dis- 
covers, El Dorado rejects, Whitney investigates and invests; flotation 
technic, success, labor trouble; markets for copper, gold, zinc, silver, 
cadmium, tellurium, selenium; world prices, future. 4 pictures, 10 
colored plates, 3 portraits, Popular: historical, raw materials, proc- 
esses, economics. Chemical. 45 min. 

737. The deepest holeinthe world. Fortune, 18, 50,1938 (July). Statis- 
tics on oil well K. C. L. A-2 in California, possibility of 25,000 feet wells, 
oil prospecting methods, digging technic, progress in drilling K. C. L. 
A-2. 1 picture, excellent cross-section* of the hole. Popular: 
processes, economics, Engineering: equipment design. 20 min. 

738. Corn Products. Fortune, 18, 55, 1938 (September). Biggest re- 
fining industry, statistics, evolution of Corn Products Refining Co., 
overseas business, the process,* price of corn and tapioca, candy, 
earnings. 9 pictures, 1 colored chart* of corn products. Popular: 
processes, products, economics. 50 min. 

739. In the light of Polaroid. Fortune, 18, 74, 1938 (September). Vast 
outlet for Polaroid, objects viewed through Polaroid, history of its 
development, how it works, headlights, prospects. 6 pictures, 1 
colored plate, 1 diagram. Popular: historical, products, properties, 
economics. 30 min. 

740. Inland Steel. Fortune, 18, 40, 1938 (October). Mills at Inland 
Harbor, Indiana, 1938 price cut starts steel war, growth of Inland 
Steel, subsidiaries, business, costs of steel,* extras, basic rules, 1938 
prices, future. 1 picture, 7 colored plates,* 1 colored map* on the 

strategy of steel. Popular: historical, raw materials, economics, 
financial. 50 min, 
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MAGIC and SCIENCE of 
NATURAL HEALING WATERS 


OSKAR BAUDISCH 


State Research Institute, of the Saratoga Spa, Saratoga Springs, New York 


“Es ist immer schon, wenn man das Unbegretfliche 
als wirklich vor sich sieht.’’—Goethe. 

“Tt delights us whenever the inconceivable becomes 
reality before our very eyes.” 


(Translation by Professor C. F. Schreiber, Yale University.) 


HE writer has been assigned the task of discussing 
the nature and application of natural healing 
waters. I am fully aware that this is not only a 
difficult but also a rather thankless undertaking, since 


1 Presented before a meeting of Sigma Xi at Rensselaer Poly- 
technic Institute, Troy, N. Y., December 9, 1938. 





natural healing waters are not very highly esteemed in 
this country. I have one advantage, however, in that 
I write not as a physician, but only as a simple 
chemist. Since inorganic and analytical chemistry 
have profited remarkably by the interest and the ex- 
perimental work put into natural mineral waters by the 
founders of modern chemistry (Scheele, Berzelius, 
Liebig, Fresenius) the chemist has nothing to be 
ashamed of. Let me just mention the discovery of 
caesium and rubidium in the waters of Diirkheim (Ger- 
many) by Bunsen in 1860. It is not without signifi- 
cance that the analysis of a natural water is still one of 
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the most fascinating problems the chemist has to enter- 
tin. That the most thorough inquiry has not yet 
wrested from natural healing waters all their mystic 
gecrets is well demonstrated in the recent discovery 
of enriched potassium isotopes in Saratoga mineral 
waters by Dr. A. Keith Brewer and the speaker, of 
hich more will be said later on. 


THE MAGIC OF THE HEALING WATER 


What do we mean by magic of the springs? In the 
famous encyclopedia of Diderot and D’Alembert 
(1751-72), the following definition is given for magic, 
“Occult science or art that teaches how to do things 
which seem beyond human power.”’ According to this 
definition, a great part of real science would be magic, 
and this is the magic with which we are chiefly con- 
cerned. The fact is that most people merely know 
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something about the miraculous healings of what we 
may call ‘‘holy’’ waters and can understand that chap- 
els or churches were usually built close to the well, but 
they cannot understand why a research institute should 
be built directly at the spa. 

Let us imagine that a questionnaire were sent out 
asking the so-called intelligent people of the United 
States what they thought about the healing action of 
natural mineral waters and of spa treatment in general. 
I presume the answer would be rather discouraging. 
Words such as magic, miracles, superstition, suggestion, 
and even fake would be uttered and written down in the 
questionnaire with conviction. Another group of 
“more enlightened” people would perhaps put the 
water and the spa treatment in the same category as the 
extensively advertised patent medicines, including 
artificially made mineral waters. Only the few Ameri- 
cans who have taken a real ‘‘Kur” at a European spa 
would estimate correctly the value of the treatment, 
and confirm the known fact that whoever has once ex- 
perienced in his own person the beneficent influence of 
these natural medicinal springs is always anxious to 
return. It is important to understand that the German 
word ‘‘Kur’’ means something different than the Eng- 
lish “‘cure.”’ A ‘‘Kur’ consists of a special therapeutic 
course of restricted duration, particularly directed to- 
ward obtaining within that period and by methods 
chosen toward that end a persistent effect and after- 
effect. 

In this article, according to my chosen title, I shall 
first speak on the magic of the natural healing waters 
or of the magic of so-called spa treatment in general. 
As I have admitted at the beginning of this paper 
that there exists a magic or secret in natural healing 
waters and in the medical application of these natural 
healing agents, I must explain the magic. The magic 
to which I have reference, I again emphasize, has noth- 
ing to do with miraculous healing. 

In our special case, two entirely different kinds of 
magic or ‘‘magic cures’ exist—first, the non-psycho- 
logical magic which can and will be unveiled by science. 
These ‘‘magic cures” will be explained in the future in 
technical terms, and their original power will gain only 
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by scientific knowledge and understanding. The 
second kind of magic is of a psychological nature. It 
must always remain magic, otherwise the power of 
healing would be diminished. It is a magic which is 
created in a spa during hundreds of years and which 
is reflected in the patient. 

Let me explain this by some examples. In Austria 
there exist salt springs which were traditionally known 
for hundreds of years as “‘goiter waters” because they 
cured or prevented goiter. They appeared to contain 
only common salt and, therefore, years ago the ‘‘magic 
cures” were considered pure superstition by physicians 
and chemists. Modern analytical chemistry has shown 
that these springs also contain the therapeutically active 
iodine. Science unveiled the magic of the goiter waters! 

Springs of just ordinary well water exist near Fran- 
zensbad in Bohemia, which for hundreds of years were 
traditionally known as “eye wells’ where people from 
near and far came to wash their sore eyes. What a 
superstition! Nothing could be found by the best 
analysts at the time, who already about one hundred 
fifty years ago made very exact quantitative analyses 
of the natural healing waters. Besides the healing 
action of these wells, it was known that pieces of the 
beautiful snow-white enameled Karlsbad porcelain, 
after lying in the depths of the well for a long time, 
took on a violet tinge. The great poet and naturalist, 
Johann Wolfgang von Goethe, who visited these Bo- 
hemian spas several times, made a note in his diary con- 
cerning this remarkable phenomenon. Goethe, with 
his genius for observing natural phenomena, recog- 
nized the blessing of natural healing waters and visited 
Karlsbad, Marienbad, and Franzensbad again and 
again to preserve his health and to lengthen his life. 
Today, as a result of the scientific discoveries of Bec- 
querel, the Curies, Ramsay, Rutherford, and others, 
the magic of the Franzensbad eye wells is unveiled. 
There are remarkably large amounts of radon and 
radiu:1 in solution in these eye wells and we know we 
can color white porcelain with radium radiation arti- 
ficially. Is it not a classic example? The inconceiv- 
able became reality before our very eyes! 

You see that not only were these curative waters 
found by the people, but also chemical reactions were 
observed which were due to the action of the radio- 
activity of the water. Should not these examples 
teach us to be humble and use the word “‘superstition”’ 
with less aggressiveness when we speak about magic 
cures with natural, healing waters? 

Another great recent example of unveiling the magic 
of a natural healing agent by scientific discoveries 
should be mentioned here. We can remain in the 
same famous Bohemian spas, Karlsbad and Franzens- 
bad, which, as I just told you, more than a hundred 
years ago gave us a peep into the future by unveiling 
some of the properties of the element radium. Here a 
very long time ago there originated the ‘‘most ridiculous 
superstition.”’ It was said that bathing in the famous 


mineral moor or mud of Franzensbad would have the 
same effect upon the fair sex that the visit of the angel 
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had upon Abraham’s wife. Let us see how this looks 
after unveiling the magic and ridiculous superstition by 
scientific means. From these muds, after extraction and 
removal of the ballast substances, a product recover- 
able by means of olive oil is obtained, which has the 
same action as the hormone folliculine, restoration, or 
excitation of sexual functions. These hormones are 
identical with the folliculine hormones found in the 
urine during pregnancy. It has further been proved 
that measurements of the hormone content in the blood 
serum and urine of women before and after the moor 
bath showed a distinct increase, indicating endocrine 
stimulation. 

Do you not think we should at least learn something 
from the magic of these natural healing waters if we 
acknowledge their magical merits and try to elucidate 
their healing action by scientific investigations rather 
than to ridicule them and remain in the dark? We 
should easily discredit the natural mineral water if we 
believed that its medical value is just ‘‘suggestion’’—a 
term which is used with predilection by many American 
physicians. 

The second type of magic of the natural healing 
waters or of the spa treatment is entirely different and 
will be fully realized and understood only by those sick 
or debilitated people who have undertaken a successful 
cure in one of the world-famous European spas. To 
the second type of magic first of all belong many of the 
beneficial factors which come into play when taking the 
water at a spa and in making a spa popular. One is 
the natural amenities of the resort—its altitude, cli- 
mate, soil, forestry, prevailing winds, the characteris- 
tics of the town and its inhabitants; another, the social 
life, sport, amusements, and so forth, which have 
been developed in the European health resort for hun- 
dreds of years and which have a healthful and helpful 
psychological influence. For the people, who conduct 
these spas, have not only mastered the full measure 
of the value of their respective cures and possess a 
deep knowledge of the virtue of their waters, but 
have realized the further truth that the state of mind 
will decide in no small measure the condition of the body. 
The whole population of the health resort, even the 
managers of the hotels, are ready to help in any way 
they can, and everybody, the children not excluded, 
seems prepared to express a bright cheerfulness and 
render a service whenever and wherever one is needed. 
From early morning when the flower girls lay out their 
colorful children of nature and when the orchestra 
greets the first water drinkers with a choral or a hymn, 
down to some reasonable hour of the night, the spa is 
full of active cheerfulness in the best sense of the word. 
The whole watering place is made comfortable by 
nature and art, and a milieu is created which makes 
you feel a holiday in every day. 

So you can see that the advantages derived from 
treatment at a spa are to be attributed not only to the 
sum of the external circumstances in that particular 
locality, but also to a generally pleasant ‘“‘magic’”’ 
atmosphere which makes everybody happy and con- 
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fident. It is the great merit of the spa that its thera. 
peutic regime comprises so many healing influences, 

How strange it is that so many people in this country, 
instead of realizing and praising the effect of treatment 
in the spa because it is given under the most favorable 
conditions and in the place that best agrees with the 
patient, bring it up as a point against the spa treat- 
ment. How often I must hear, “Do you not think 
that the rest, change of environment and social life, 
and so forth is responsible for the so-called ‘‘cure’’ in the 
health resort?” The person who asks this question 
usually expects me to contradict him. I will, however, 
answer him, “Of course you are right, but your ex- 
ceptional incredulity and ignorance of the subject will 
not change the fact that the old belief in the particular 
value of natural healing waters stands as a sound 
fundamental and is supported by modern research 
which is evident from the annual survey of the ever- 
increasing hydrological literature.”’ If the successful 
spa treatment were only due to suggestion, change in 
environment, and rest, the well-known saying of Lin- 
coln about ‘‘fooling people” would long ago have come 
into action and the healing waters would flow unused 
into the sea. 


THE SCIENCE OF NATURAL HEALING WATERS 


In the second part of this paper I shall try to ex- 
plain the ups and downs and the never-ceasing struggle 
in balneotherapy to find adequate scientific explana- 
tions ‘for the numerous empirically established prin- 
ciples which kept the spas of the world alive from 
centuries ago up to the present day. If we can put our 
empirical observations on a scientific basis we will be 
able to control them, while previously they had to be 
left to chance, as in heliotherapy. For centuries the 
natural healing agent—sunlight—was successfully used 
to heal rickets despite our entire ignorance of how 
nature performed this miracle. Swiss physicians, 
some of whom were outstanding critical observers, 
have always known that the milk from cows in the high 
mountain farms (Alps) is an excellent healing agent for 
rickets. To put those empirically established prin- 
ciples of heliotherapy on a scientific basis was, I think, 
just as difficult and complex as our mineral water 
problems. Only twenty years ago we knew no more 
about the healing action of sunlight than we do about 
balneological treatments today. The explanation of 
the action of sunlight on our skin and the change of the 
ergosterol of the skin into vitamin D is one of the most 
brilliant chapters in the history of natural science. 
Nowhere else is the value of codperation between physi- 
cist, chemist, and physician better illustrated than in 
the development of vitamin D and its application in 
healing rickets. Just a vague assumption concerning 
the réle of ultra-violet light in healing rickets (rejected 
by many physicians as superstition) has developed in a 
few years to the most fascinating work in vitamin chem- 
istry. Should we not profit from this striking example 
and courageously take up natural healing water re- 
search? 
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First Analysis of the Waters.—The healing power of 
yatural springs was originally ascribed to a nymph or a 
irit. It must be confirmed, however, that for a long 
time before the springs were even analyzed, enlight- 
eed people did not believe in these ghost stories and 
infact, a good deal of sound chemistry can be found in 
books two and three hundred years old. With all 
kinds of natural reagents the old chemists were eager to 
investigate these odd-smelling or tasting waters. The 
first real analyses of the waters were accomplished only 
about one hundred fifty years ago and it is quite inter- 
esting to find what impression such a remarkable dis- 
covery made on the intelligent people at that time. 
We find whole analyses or tables of the various salt 
constituents of well-known mineral waters in the lead- 
ing daily newspapers of the United States. In Europe, 
Goethe exchanged letters with the great Swedish 
chemist, Berzelius, discussing the chemistry of mineral 
waters and their origin. In 1822 Berzelius published 
along paper entitled, ‘“The investigations of the mineral 
waters of Karlsbad, Téplitz and K6nigswart,” in 
Vetenskapsakademiens handlingar. We read much 
about the unveiling of the secret of the healing waters 
and of the possibility of imitating nature by dissolving 
salts according to the chemical analysis in ordinary 
water. Buta warning was given even one hundred fifty 
years ago by H. Murray in Edinburgh who pointed 
out that the analysis of the evaporation residue may 
not harmonize at all with the true chemical combina- 
tion of the different salts in solution in fresh mineral 
water. 

In general, however, one was convinced that the 
spirits were driven out for good and the dawn of 
the materialistic ‘‘Weltanschauung”’ began. Healing 
waters were prepared artificially, using the chemical 
analysis asa pattern. It is an interesting chapter in the 
history of balneology how quickly the enthusiasm dis- 
appeared when it was found out that the new theory 
was correct but incomplete. The empirically obtained 
clinical results with the natural or artificially prepared 
waters were like day and night. How hopeless it again 
looked to put balneology on a scientific basis! Chem- 
istry had certainly spoken its last word and physics 
was not yet much interested in liquids. 

In 1886 with the introduction of the classic theory of 
dissociation by Arrhenius, the interest in natural 
mineral waters flared up again—first from a purely 
chemical standpoint. The old salt tables were now 
usually replaced by ionic tables. But soon the bio- 
chemist began extensive work based on Jacques Loeb’s 
experiments, revealing the fact that ions present in solu- 
tion exercise a multiple influence upon one another’s 
physical, chemical, and biological attributes. We will 
have something more to say about this later. 

A new epoch in inorganic chemistry began around 
1900 with the genial ideas and experiments of Alfred 
Werner. He introduced also an extended valence 
theory into the science of chemistry and physics. 
At the same time the knowledge of the importance of 
the pH of chemical reactions began to grow rapidly. 
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Other physico-chemical methods were applied more 
extensively such as electric conductivity, freezing- 
point depression, osmotic pressure and others. Fur- 
ther, the catalytic actions of the heavy elements were 
recognized with greater interest. One could expect 
that the dawn of physical chemistry would turn im- 
mediately to mineral waters and seek to wrest from 
nature more of her hidden secrets. The prospects of 
scientific development of balneology never seemed 
more favorable than about fifty years ago when physical 
chemistry was born. The application of the new meth- 
ods were, however, slow since at that time research in- 
stitutes for balneology or hydrology did not exist. 
Much more work was carried on with mineral salts in 
solutions in university laboratories, and our knowledge 
of the importance of inorganic ions for our well-being 
was remarkably increased. 

Biologic Action of Electrolytes and Its Relation to the 
Action of Mineral Water.—An enormous amount of ex- 
perimental work has been done in the relationship be- 
tween inorganic ions and healing action, as proved by 
the ever-mounting literature in this field. In this paper 
only some principles of this work may be mentioned. 
Let me remind you of the fact that in our body flows a 
natural mineral water solution, the blood serum, which 
connects all the other organs. Where does this salt 
mixture originate? The salts of the blood serum in all 
animals even down to, but not including, the ‘‘bone 
fishes’ are exactly the same in quality as well as in 
quantity. From here further down in the animal 
kingdom, the salt solution is to be replaced by sea 
water. If we multiply the sum of the salts in the serum 
of the higher animals by 3.5 we receive the quantitative 
composition of sea water. You will later hear that the 
Saratoga Spring water is, I might say, a kind of refined 
sea water, remade by living organisms, supersaturated 
with carbon dioxide gas. In fact, we received our 
“inner salt surrounding” from the primary homestead 
of all living things, the sea, and for optimum of life, and 
its functions, the same definite ratio of sodium, potas- 
sium, and calcium is found in sea water and in the 
blood of man. This ratio is maintained at 100:2:2. 

But also, the therapeutic significance of an internally 
or externally used salt solution lies not only in the 
qualitative composition, but more in the relationship 
which the quantities of ions bear to one another. Con- 
cerning some of the biological activitity of the simple 
ions we know well that the sodium ion stands in im- 
portant relationship to the water-economy of the 
organism and with the amount of hydrochloric acid in 
the stomach. 

The potassium ion is essential to the vital processes 
of the heart. It is necessary for the production of 
sugars, fats, proteins, and their derivatives. 

The calcium ion has a specific action on colloid cellu- 
lar tissue. Calcium promotes many vital processes, 
notably phagocytosis, and the activity of both the heart 
and the intestine would appear to be stimulated by it. 
The correlation of the calcium metabolism with sun- 
light or Vitamin D is well known. 
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The magnesium ion is associated with hepatic me- 
tabolism and has an effect in preventing mobilization of 
sugar by adrenalin. 

The iron ion has a well-known relationship to the 
formation of blood. 

The presence of one ion will enhance or neutralize, 
render toxic or detoxic the activity of the other, while 
the minor elements—not long ago regarded as negligible 
—catalyze the absorption and assimilation of the major 
ones. 

There is no doubt that the electrolytes play an im- 
portant part in the constitution of man, and in the co- 
operation of many electrolytes is to be sought one of 
the fundamental curative factors in the therapeutic 
use of mineral springs. Our new and improved theory 
is, however, still incomplete. Why artificially prepared 
waters should react differently than the natural ones 
still remains an unsolved secret. 


RADIOACTIVITY 


J. J. Thompson and Sella-Pocchettino independently 
discovered in 1902 that natural mineral waters are 
radioactive. The announcement of radium emana- 
tion in natural healing waters kindled a tinder box. 
Famous springs like Badgastein with its practically dis- 
tilled water (0.33 g. per liter) proved to be strongly 
radioactive and the high electrical conductivity, at first 
unexplainable, was shown to be due to the radon and 
radium content. Here for the first time, the empirically 
accumulated therapeutic results could be put on a 
scientific basis. Moreover, it was found that the radio- 
activity of a water containing only radon at the source 
diminishes all too soon. On the other hand, if the water 
contains radium and other radioactive elements, the 
radioactivity remains. Such is the case in Saratoga 
water which contains radium. For the first time it 
could be demonstrated that there is something real and 
practical in the freshness of the water at the well or 
source. This old claim which the ‘‘enlightened’”’ people 
called superstition was justified. Waters drunk at the 
source are specific. 

The discovery of radioactivity in natural springs 
indeed has a dramatic and far-reaching effect on bal- 
neology and balneotherapy. In treatment by radio- 
active waters the only factor in question was the dis- 
solved radon, whether naturally present or artificially 
introduced. Some of the radon during a bath pene- 
trates through the skin and enters the blood stream. 
But nobody knows as yet what is the minimum content 
capable of stimulative action or the upper limit at 
which harm will be done instead of good. To find 
these facts requires collaboration between physician 
and physicist. Experimental study and clinical ex- 
perience emphasize the mistake of regarding radio- 
activity of waters containing radon or radium as the 
sole curative agent in them; it is only a constituent 
factor. This confession is no denial of the importance 
of radioactivity in the clinical experiments. For us it is 
a proof of how important it is to build scientific in- 
stitutes at the source of the waters. 


JourNAL OF CHEMICAL Epucatioy 


The French school with its capable men like Robert 
Pierret (La Bourboule) and Rogers Stieffel (Plombiéres) 
claim that the essential factors in the clinical action of 
radioactive water (including the gases given off by them) 
are (a) their sedative effect exercised on the peripheral 
nerve endings and on the vegetative nervous system, 
thus explaining their anti-spasmodic and analgesic 
action; (6) their action on metabolism; and (c) activa. 
tion of ferments. Consequently, the principal general 
indications of radioactive spas are gout, chronic rhey. 
matism, all forms of spasmodic and painful nervous 
disorders. All investigators emphasize the fact that 
an artificially prepared radioactive water, even if of a 
much higher radioactivity, is not comparable with a 
natural water. 

Again we stand at a crossroad and again we must bow 
to the fact that our empirical knowledge far exceeds 
the scientific explanation. 


SPECTRUM ANALYSIS 


About twenty-five years ago, a new tool became of 
great importance in mineral water research, namely, the 
quartz spectrograph, and with it, ultra-violet light 
spectroscopy, which represents a refined method of 
spectrum analysis. As I have mentioned before, cae- 
sium and rubidium were first found spectrographically 
in Diirkheim mineral water by Bunsen. The chemist’s 
imagination was again fired to the use of a new tool 
and the search for new elements. It is not my inten- 
tion to go any deeper into the fascinating new chapter 
in mineral water research but you all know that a large 
number of the so-called minor or ‘‘trace’’ elements 
have been discovered in mineral water and its deposits. 
One is quite naturally led to inquire whether all these 
small quantities are of significance medically. Today 
their effect, both individually and collectively, cannot 
be doubted when one is told that one part of manganese 
in forty million parts of water will determine the life 
history of certain fungi; that one part in two million of 
boric acid determines the growth of leguminous plants; 
that two or three parts fluorine per hundred thousand 
develops mottled teeth in growing children, and, as Dr. 
Judd Lewis states, that the health of London is de- 
pendent on one part of iodine per twenty-five million 
parts of water. 

The study of the minor elements in natural healing 
waters again puts the question before us whether it is 
possible to imitate a natural mineral water success- 
fully. If we really wanted to produce a natural mineral 
water artificially, we would have to put in all the minor 
elements in the right proportion, and then only the most 
exact spectrographic and biological tests could con- 
vince us that our experimental efforts in this direction 
had succeeded. 


IRON IN SARATOGA MINERAL WATER 


Up to this point in my paper, we have been more of 
less interested in the analytical part of natural mineral 
waters. We tried to demonstrate how mineral watef 
research has profited during the last two hundred years 
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by the development of new and finer tools in chemistry 

and physics. We did not consider the natural mineral 
water as a whole entity which possesses a specific 
structure in itself, depending on the locality of the 
springs. Rather, we interested ourselves only in the 
various elements present. I am now going to develop 
my own ideas and theories concerning Saratoga Mineral 
Water research based on experimental studies started 
at the Rockefeller Institute for Medical Research and 
continued later at the State Research Institute at 
Saratoga. If we want to interpret the empirically 
established facts concerning the therapeutic values 
of the springs, or if we want to start a new clinical 
research, we first ought to know our parent mate- 
tial Saratoga water, thoroughly. In studying the 
therapeutic action of our water, we must pay partic- 
ular attention to the interaction of the companions 
in solution, especially the formation of complexes. 
In this connection we can best compare Saratoga water 
with the complicated mixture called sea water, to 
which inhabiting plants and animals are most delicately 
adapted. This adaptation, however, not only runs 
parallel with the chemical and structural composition 
of sea water, but also harmonizes completely with the 
varying physical conditions (temperature, pressure, 
dissolved gases, light, radioactive radiation, and many 
other factors) which we meet in sea water as well as 
in fresh Saratoga water which gushes to the surface from 
unknown depths of the earth. 

All these factors influence the whole chemical and 
spatial structure of the sea or mineral water and most 
probably alter its therapeutic value. That we can 
support at least part of our assumptions scientifically 
will be shown in the following chapters. 




































THE IMPORTANCE OF WERNER’S COORDINATION THEORY 


Welo and the speaker have introduced Werner’s 
coérdination theory into special fields of physics and 
biochemistry. Werner developed the concept of co- 
ordination valency (co-valency) as applied to compounds 
which are formed by the addition of atoms, molecules, 
radicals, or addenda in general to metal ions, thus 
forming the nuclei of the resulting complex compounds. 
The general nature and stability of the complex are 
dependent on the size of the central ion and its charge 
and, further, on the chemical nature of the addenda as 
well as on external physical conditions such as tempera- 
ture or pressure. 

Under certain circumstances, pressure, light, or radio- 
active energy essentially influences a codrdination sys- 
tem. If the central atom belongs to the ferromagnetic 
metals, like iron, the magnetic nature of the complex 
varies considerably with the chemical nature of the 
addenda, including water molecules, and somewhat 
with external physical conditions. Welo has meas- 
ured more than a hundred metal complexes magneti- 
cally, and thus some basic rules have been established 
by Welo and the writer in magnetochemistry, generally 
speaking. 

Magnetism has become a new, valuable tool in chemi- 
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cal research. It is, in fact, a new tool in mineral water 
research and we used it in our investigation of the state 
of iron in Saratoga mineral water. 

Before we started our research in this field (1923) 
it was an accepted fact that Saratoga water and any 
carbonized mineral water in general contains divalent 
iron in the form of ferrous bicarbonate which dissociates 
into ordinary Fet+* ions and HCO; ions. If this is the 
case, the mineral water must give all the main analytical 
reactions for Fet++ ions, just like a dilute, artificially 
prepared, ferrous bicarbonate solution. This is, in 
fact, the case in Saratoga water. If we study the fine 
structure of the iron compound in solution, however, we 
find that iron in the Saratoga water cannot be present 
in the form of ordinary iron ions (Fe++), but rather, 
of iron activated by the companion in solution forming 
a codrdination system which changes the electronic 
structure of the iron atom. It is well known that iron 
in the blood is changed, respectively, by addenda of 
specific chemical nature. An indication for this theory 
was obtained when we found that the iron in natural 
Saratoga water possesses a catalytic action far greater 
than ordinary Fe+* ions but, of course, much smaller 
than iron in hemoglobin or in the ferment catalase where 
a peak of activation is reached. 

We found, further, that the divalent iron in fresh 
Saratoga water is somewhat protected toward oxida- 
tion to trivalent iron and behaves again very differently 
from an artificially prepared ferrous bicarbonate solu- 
tion or artificially prepared Saratoga mineral water. 
The behavior of the Saratoga water to ultra-violet light 
in the absence of air or oxygen is quite specific and 
elucidates our problem. The radiation causes the 


TABLE 1 
From Ferrous Ions To Sotip Ferric Oxipe HyDRATES 





light or air light 
Fet++ ——_—_—___» [Fe] ((Fe)s] ————_> 
Ordinary ferrous ions Complex iron ion. Quadrimolecular ag- 
as in Fe(HCOs): Example: Potassium gregates. Between 
solutions always ferrocyanide, K.«Fe- the ferric and the 


ferrous form there 
are three interme- 
diate forms in which 
a part of the four 
Fe atoms is in the 
ferric and a part in 
the ferrous state, 
dia- or paramagnetic 


paramagnetic (CN)s6-3H20, can be 
both dia- or para- 
magnetic, depending 
on the charge of the 
central atom, or on 
the nature of the 
addenda 


fe) 


Fe—OH 


[(Fe)a]z 
———> Solid state 


Colloid state 


Aggregation of poly- 
nuclear complexes to 
visible colloidal par- 
ticles. Flocculation 
accelerated by light 


Solid iron oxide hy- 
drates with definite 
lattice structure, 
Gamma and alpha 
iron oxide hydrates 
paramagnetic or fer- 
romagnetic 


aggregation and precipitation of the dissolved divalent 
iron (flocculation by formation of visible colloidal 
particles). Surprisingly enough, the original iron con- 
taining mineral water in our experiment and the illumi- 
nated iron-free water do not show any difference in 
electiicai conductivity. This fact and the mentioned 
flocculation by the influence of light support our as- 
sumption very strongly that the iron in Saratoga min- 
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eral water is complexly bound, since ordinary Fet* in 
ferrous bicarbonate in ultra-violet light radiation in the 
absence of oxygen does not aggregate at all. 

There is another support for our findings which at 
the same time demonstrates the value of magnetic meas- 
urements in this field of research. The spatial lattice 
arrangement of an iron oxide hydrate which is precipi- 
tated by oxidation with air from a solution containing 
Fe** ions depends on the stereochemistry and chemical 
nature of the coérdination system of the original mole- 
cules in solution. For instance, if we autoxidize a 
ferrous bicarbonate solution, we obtain solid iron oxide 
hydrate of the alpha form. If we, however, autoxidize 
fresh Saratoga water, we receive iron oxide hydrate of 
the gamma form. On dehydration it gives ferro- 
magnetic gamma iron oxide while the a/pha hydrate 
dehydrated results in hematite which is not ferro- 
magnetic. 

From these experimental data we assume that in 
Saratoga water the iron is surrounded by addenda 
which direct the covalences in space in such a way that 
in autoxidation, the active gamma iron oxide hydrate 
with its special lattice is formed. The table will make 
it more understandable. It shows graphically how we 
approach from ordinary Fet+* ions via complex ions to 
colloidal particles and solid iron oxide hydrates. 

In this connection I want to emphasize that even 
water molecules attached as addenda in the inner sphere 
around the iron atom may change the electronic struc- 
ture of the central iron atom to a small degree which, 
however, can be measured magnetically. The change 
in the coérdination system causes most probably the 
formation of quadrimolecular complexes by aggrega- 
tion of four complex molecules. An aggregation of 
four complex ions forms a higher complex system in 
which each iron atom or ion can take place in oxidation 
process and thus the catalytic power of this magnetic 
metal rises considerably. It is known that four aggre- 
gated hemoglobin molecules of a paramagnetic nature 
add one molecule of paramagnetic oxygen and form 
diamagnetic oxyhemoglobin (Pauling). In a similar 
way, four aggregated freshly precipitated ferrous hydrate 
molecules with attached water molecules link one mole- 
cule of oxygen magnetically and subsequent oxidation 
takes place forming either gamma or alpha iron oxide 
hydrates or both. I believe that many reactions taking 
place with iron or any other heavy metal in natural 
mineral water depend on or are influenced by the 
specific nature of the coérdinated addenda of the co- 
ordination system surrounding the central atom, thus 
changing the biological significance of the metal ion 
in solution. This thought has never been taken into 
consideration and, in fact, represents an entirely new 
approach to the therapeutic study of natural healing 
waters. 

In working for years with iron cyanide compounds 
we have found that the magnetic nature of the iron is 
essential in specific oxidation reactions, and radiant 
energy, like ultra-violet light, under circumstances may 
change inactive diamagnetic iron compounds like hexa- 
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ferrocyanides into active paramagnetic iron penta. 
cyanides. Since this photochemical change is due to 
alteration of a coérdinated system in connection with 
the spatial structure of the molecule, we have chosen 
the name “inorganic vitamins’ for the biologically 
active forms of inorganic compounds in order to em. 
phasize the similarity with the structural changes 
taking place by the illumination of ergosterol and its 
conversion into vitamin D. We should now under. 
stand why the research field of natural healing water js 
remarkably increased again. Instead of handling 
only electrovalencies like Nat and Cl~ ions we also 
have to consider the covalences in the complex com- 
pounds if we want to penetrate deeper into the secrets 
of the structure of the water and its companions jn 
solution. We know today that the formation of com. 
plex ions stands in an intimate relationship not only to 
resorption and assimilation, but also to the general 
biologic action of the physiologic elements. It js 
probably for this reason that iron containing mineral 
water of the Saratoga type, in spite of the relatively 
small amount of iron in solution, exceeds much larger 
iron sources in its therapeutical values as a remedy for 
anemia. 


ON THE ORIGIN OF THE SARATOGA MINERAL WATERS 


Practically every physician or thinking layman 
visiting the Saratoga Spa or taking the cure is asking 
questions about the source of the sparkling waters. 
Such visitors or patients usually are also interested in 
receiving an explanation of why the water is salty and 
why it contains so much carbonic acid gas. All these 
gifts of nature, the salts and the gases, come from un- 
known depths of the earth, which is more difficult to 
investigate scientifically than the vast space of the 
universe. 

The latest intensive geological investigation of the 
Saratoga basin was carried out by the late Professor 
R. T. Colony, of Columbia University, in 1929. Colony 
believed that most of the constituents of the waters, 
including sodium and potassium, are derived from deep- 
seated primary rock out of which the elements are dis- 
solved by the meteoric water supersaturated with car- 
bon dioxide. Colony rejected a marine hypothesis of 
the origin of the water. 

It is true that in spite of thorough and valuable 
investigations of the geology of the Saratoga basin the 
attempt to unfold the mystery of the origin of the 
mineral water could remain only mere speculation. 
The tools to trace the underground waters were, in 
1929, not yet discovered. We know today that the 
assumption that the waters are solely of magmatic or 
volcanic origin is no longer tenable. That the Saratoga 
mineral water or its constituents are mainly of marine 
origin will be demonstrated. 

New light has recently been thrown on the question 
of leaching out of underground material which hundreds 
of millions of years ago was deposited out of shallow 
warm sea water and which now, at least partly, fur- 
nishes the parent material for the salts in solution in 
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yatoga mineral water. It becomes apparent, in- 
ied, that Saratoga mineral water is stored sun energy 
wd that most all of its constituents represent the 


penta. 
| due to 
On with 































Chosen HB umains of organic life processes of the plankton or 
ogically @ iifting small micro and macro organisms which once 
to em- J ishabited the shallow water of the Cambrian Sea half a 
*hanges pilion years ago. 
and its 
under. ckYPTOZOON, A SEA WEED DURING THE CAMBRIAN ERA 
water js In the late Cambrian era a notable succession of 
andling @ tarrier reefs, composed entirely of species of lime secret- 
ve also Bing algae, Cryptozoén, bordered the Adirondacks. 
X com- § There are several facts showing that the Cryptozoén 
Secrets Jj jmestone, which is to be seen in a most spectacular 
ions in HB gposure in the “Petrified Gardens” near Saratoga 
f com- Springs, is of organic origin. The lime has been secreted 
only to during the life process of small algae. 
eneral The question now arises, how can we prove that the 
It is Bf Cryptozoén reefs or remains of the plankton life of 
ineral J hundreds of millions of years ago and the Saratoga 
tively 
larger TABLE 2 
, ABUNDANCE Ratios or K*9/K‘4! 
y for 
Total K, Abundance K4!, 
Source per cent. ratio per cent. 
‘ERS Mineral water 
a Geyser 3.40 13.85 0.1 6.76 
Coesa 3.73 13.85 + 0.1 6.76 
‘yman @  Hathorn 6.03 13.85 + 0.1 6.76 
isking Cryptozoén 
Undulatum Small 13,95 + 0.1 6.69 
aters.  Protiferum 13.95 # 0.1 6.69 
ted in Trenton limestone Trace 14.00 = 0.1 6.67 
Shale overlying ? 14.20 + 0.03 6.58 
y and 
these J waters have any relationship with each other. The 
nun- § ordinary chemical analysis of the water cannot give us 
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the answer to this question. It is, however, conceivable 
that quantitative spectrum analysis of the trace ele- 
ments of both the Cryptozoén reefs and the Saratoga 
waters might also give us a clue on the relationship 
between the two—a research we are going to approach 
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ony experimentally in the near future. 

ters, A real answer, however, to our question can only be 
leep- given by the use of the so-called “tagged atoms’ of 
dis- i dements or “tracer” isotopes as, in our case, potassium. 
Cat @ This element is unique among the elements now con- 
is of sidered necessary for sustaining life, since it alone is 

radioactive. 

able Potassium is now known to have three isotopes with 
the mass numbers 39, 40, and 41. The abundance ratio 
the for the isotopes of potassium in ocean water and in most 
100, @ minerals has been shown to be K*/K*! = 14.20 to 
» I @ 14.25 or in percentage K*! = 6.58. 

the In the Pacific Ocean water has been measured and 
> OF @ found to be K**/K4! = 14.20. No appreciable varia- 
0g@ @ tion was observed between samples procured at different 
‘mé | localities or at points down to 2500 meters in depth. 
: Kelp, according to Brewer, possesses an appreciably 
ton higher concentration of K*!in comparison to ocean water. 
ods Not long ago Brewer published the most important 
OW @ and spectacular discovery, i. ¢., that isotopes can be 
ur §j ‘ariched by life processes. If the marine algae of the 





Present time can concentrate the heavy potassium 
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of ocean water, we must conclude that the algae of the 
Cambrian Sea might have done so. Brewer, therefore, 
has tested the abundance ratio of isotopes of potassium 
in the Cryptozoén formations as well as the overlying 
limestone and shale and of the Saratoga waters. 

The results presented in Table 2 show an appreciably 
concentration of K*! in the mineral water and a small 
concentration for the Cryptozoén formations. The 
overlying shale, however, does not differ appreciably 
from that normally present in rocks of this type. We 
find that most of the potassium leached out of the 
Cryptozoén limestone into the Saratoga water. The 
heavy potassium furnishes here an excellent indicator 
and reveals clearly the relationship of the Cryptozoén 
limestone with the Saratoga water. For the first time, 
we seem now to be able to give a positive clue to the 
origin of at least one important element of the mineral 
salts, clearly pointing to a marine origin. All the 
former theories of the origin of the Saratoga mineral 
water have, therefore, failed since all of them dis- 
counted the marine origin. 

It is a fascinating task to compare ocean water and 
its constituents with Saratoga mineral water and to 
learn something of the origin of the different elements 
in solution and of the adaptation of living cells to their 
salty surrounding. 

If we keep in mind that Saratoga water in its chemical 
composition, at least in regard to the major elements, 
is closely related to sea water it should help to make 
this water more understandable to you and make you 
befriend it. At the same time we must not forget that 
the constituents of the original Cambrian Sea half a 
billion years ago went through life cycles and in this 
way the various elements in solution became separated 
by biogenetic migration, enriched, and some of them 
activated, by specific coérdination systems as I have 
explained to you in the foregoing sections on iron. 
Another most spectacular constituent is added by nature 
to the Saratoga mineral water, namely, carbon dioxide 
gas which I would say forms such an intimate composi- 
tion with the water similar to an alloy. This fresh 
Saratoga water supersaturated with carbon dioxide 
is indeed very different from sea water chemically, 
physically, and biologically. The natural carbon di- 
oxide molecules as well as those of dissolved carbonic 
acid, H,COs, are under pressure and are closely attached 
to the elements in solution, thus forming new complexes, 
and in so altering the therapeutic value of the water. 

Unfortunately, we know very little of what actual 
changes take place in salt solutions under very high 
carbon dioxide pressures. It should be mentioned, 
however, that an ordinary sodium chloride solution 
under carbon dioxide pressure shows alkali reaction to 
phenolphthalein which disappears on releasing the 
pressure (Haertl). Let us mention further that an 
aqueous solution of sodium chloride under high pres- 
sure forms a hydrate [Na(H20)2.JCl. No doubt a 
great deal of important unveiled “‘magic’’ of the fresh 
spring is hidden in connection with pressure which 
brings about drastic changes in the coérdination system 
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of complex compounds in solution, Certain properties 
of the water at the source may disappear very quickly 
on aging, because of the conversion of a reactive and 
labile codrdination system into a more stable one 
whereby energy is released. In pressure chemistry 
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research we find a new scientific way of an experimental 
approach for the understanding of the ‘“‘magic’’ of the 
water at the source. The outlook of mineral water 
research in this direction is most fascinating and prom- 
ises the greatest surprises. The experimental approach, 
however, is difficult and expensive. 


CONCLUSION 
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lines. It is, I believe, no longer a question of whether, 
but, rather, when the universities of this country will 
seriously occupy themselves with the study of naturg 
healing waters. The New York State Resear 
Institute, at Saratoga Springs is, in fact, a beginning 
of great importance. It is only on the firm basis of g 
State Commission, and with State resources, that the 
proper forces for the creative development of Saratoga 
Springs can be brought into play. 

If the healing properties of the American spas were 
more generally understood by the physician, the sick 
and those in need of rest and recuperation would visit 
the marvelous natural springs of the United States jn 
far greater numbers than at present. In Europe 
physicians of world-wide reputation have for centuries 
put their interest and skill in natural waters and from 
the distant past until today the hope of wresting from 
nature her secrets has never stopped. These men had 
a great ideal which has not been possible to achieve 
until the present day. We need the same ideal if we 
want to achieve our goal and break the resistance of the 
medical world toward balneotherapy—an achievement 
worth fighting for. Today in the Old World it is not 
in vain that mineral springs are recognized as cures for 
specific ills. All attempts to imitate natural medicinal 
waters or their salts artificially have fallen far short of 
success, inasmuch as subsequent physiological, chemical 
and clinical tests have shown convincingly the supe- 
riority of the natural mineral waters in their effect on 
the human organism. With all his knowledge and 
power, man is not able to imitate nature perfectly, 
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taking to convince you in this short 
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thing in natural healing waters 
which we should appreciate. I 
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transmit them by word of mouth 
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solutions with or without carbonic 


acid never attain the therapeutic FIGURE 2.—MAIN AND MINOR ELEMENTS IN THE SARATOGA WATERS 


value of natural mineral water either 
for internal or external use. It is further clear that the 
mineral contents in natural mineral waters are not the 
sole characteristics which determine the healing prop- 
erties, since radiant energy, gases, pressure, and hitherto 
unrecognized properties play a rdle. 

Scientific investigations in balneology have barely 
scratched the surface. In the light of new viewpoints 
and from the results of our recent research, the investi- 
gation of mineral waters can be directed along new 


America possesses a rich treasure in its mineral 
springs, and it is possible to put this wealth to use. 
The great majority of people still need to have this 
fact brought home to them in some emphatic mannet. 
Spas and watering places are important for the health 
and well-being of mankind. Mineral springs are 4 
national asset, and any nation which fails to make wise 
use of these gifts of nature causes loss and damage to the 
economic strength of its people. 
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RECENT 


[INORGANIC SYNTHESES, VoLUME TI, Editor-in-chief, Harold Sim- 

mons Booth, Western Reserve University, Cleveland, Ohio. 
Associate Editors, L. F. Audrieth and John C. Bailar, Univer- 
sity of Illinois, Urbana, Illinois; W. Conard Fernelius, The 
Ohio State University, Columbus, Ohio; Warren C. Johnson, 
University of Chicago, Chicago, Illinois, and Raymond E. Kirk, 
Brooklyn Polytechnic Institute, Brooklyn, New York. Mce- 
Graw-Hill Book Co., New York City, 1939. xiii + 197 pp. 
$lfigs. 15 X 28cm. $3.00. 
If this first volume of a new series is a representative sample of 
what is to come, it appears that the chemical world is soon to re- 
ceive a liberal education in practical] inorganic chemistry. Un- 
like many of the earlier books on the subject of inorganic prepa- 
rations, this work can be read with interest and rapid understand- 
ing by any advanced undergraduate student of chemistry. Each 
topic is accompanied by an explanatory preface, by whose aid 
even a very didactic description of procedure would be fully in- 
telligible. In many cases, further clarity results from the pres- 
ence, within the text of the procedure itself, of briefly stated rea- 
sons for the instructions given. By studying this book, a reader 
should be able to gain a more realistic insight into the subjects 
covered than he could attain by any other kind of reading. The 
editors are to be congratulated on the uniformly high pedagogical 
value of this collection of work by more than seventy authors, 

The volume contains eighty-four procedures, representing a 
wide range of subjects and methods. Clear descriptions of diffi- 
cult and unusual processes, valuable to research workers en- 
tering new fields of study, are to be found almost side-by-side with 
simpler material, sufficient in quantity and variety for any upper- 
class or graduate course in inorganic preparations, Even in the 
relatively familiar material, one finds scarcely any repetition of 
methods described in older works. Thus the preparation of hy- 
drogen sulfide is ancient indeed, but the trick of obtaining it as a 
pure liquid, in one fairly simple operation, is strictly modern, 
Again, the generation of hydrogen chloride surely represents 
nothing new, but the special technic here described illustrates so 
well the convenient operation of a semi-continuous process, that 
it may easily be generalized to apply to many other preparations. 

Among the less common subjects, one finds two methods of 
generating fluorine, and its use for preparing compounds not 
otherwise available, the preparation of azides, halogen deriva- 
tives of ammonia, nitramide, and some of the more useful com- 
pounds of rhenium, the very useful organic reagent lead tet- 
racetate, and electrolytic methods of making some unusual amal- 
gams, These and numerous other seldom available descriptions 
are put forward by specialists who evidently are gifted teachers 
as well as experts in the subjects offered. 

If one might venture to find fault with such an excellent work, 
such criticism would be directed mainly at the general arrange- 
ment of material, a problem which must have involved many 
dilemmas, whatever decisions might have been made. The in- 
tention of following the Mendeléeff table seems quite logical 
enough, but the result sometimes is a highly arbitrary separation 
of related subjects. The most striking example of this seems to 
be the scattering of the chemistry of fluorine through three or four 
chapters. To this reviewer, at least, it appears that the genera- 
tion of fluorine and the production of highly volatile fluorides by 
its use, belong together in one chapter; further, a definite advan- 
tage would have been gained by placing this material very close 
to the description of the technic of handling boron fluoride. In 
view of the numerous purposes served by the volume, however, it 
may be that the editors rightly regard the present organization 
as the best compromise among conflicting values. 

With all of its variety of material, this volume remains only a 
beginning, and a suggestion of the valuable possibilities of this 
editorial method. It is greatly to be hoped that the project will 
receive enthusiastic support from the chemical public, and that 
the high standard set by the first volume will be maintained in 
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later members of the series. A comprehensive set of such volumes 
should give an extremely important impetus to the development 
of inorganic chemistry. 
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Hicu Scuoo, Cuemistry. George Howard Bruce. 
vision. World Book Company, New York City, 1938. 
550 pp. 138 * 19cm. $1.68. 

Five years having elapsed since the previous revision, the au- 
thor has thought it necessary to bring this text more nearly up-to- 
date. He has, therefore, written new treatments of such topics 
as subatomic structure, valence, and chemical union. The latter 
subject is presented in terms of electron transfer or the sharing 
of binding pairs of electrons. Recent views of crystal structure 
and of ionization have been introduced and various other modern 
ideas have, at least, found brief mention. 

The admirable features of the previous editions, such as sim- 
plicity and clarity of language, boldface setting of equations, 
definitions, terms, and emphasized words have been retained. 
Another merit of this text is its comparative brevity. To judge 
from the conclusion of P. M. Glasoe in his article in the August, 
1938, number of Tu1s JOURNAL, this brevity is something greatly 
to be desired. ‘In Europe” he says, ‘‘the textbook for the same 
course is one hundred and fifty pages” ... .‘‘European students 
master the subject so that it can be said that they know the ele- 
ments of chemistry.”’ 

To the reviewer's mind the desirable brevity in the present text 
has been brought about more by limiting the discussion of topics 
than by restricting the number of subjects treated. The College 
Board, the Regents, and the minimum syllabus of the American 
Chemical Society are probably guilty in this matter. 

A sampling of various parts of the text shows excellent method 
in the presentation of even the more difficult subjects, such as the 
implications and applications of the Avogadro Law. In the 
latter connection one wonders why all the textbook writers insist 
on considering equal volumes of gases when that special case only 
rarely occurs, instead of teaching the fundamental of extremely 
uniform distribution in space of the molecules of all gases (which 
is the thing that Gay-Lussac described as “‘like circumstances’’). 
Asa corollary it then follows that the numbers of particles and the 
volumes are in strict proportionality. (The student whois led to 
grasp such a view is being educated whereas the pupil who is per- 
mitted to memorize the ‘‘equal volumes, equal numbers’”’ is being 
mistreated, but this is not an adverse criticism of the present text 
only, for we have all of us sinned in this respect.) 

High-school teachers of chemistry may well ask to see this most 
recent text. 

FRANK B. WADE 
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Screntrsts ARE HuMAN. 
word by John Dewey. Watts & Co., London, 1938. 
pp. 13 X 20cm. 7s. 6d. 

This is an important and serious book—not flippant as its title 
might seem to indicate, not light reading but something rather 
for the more intelligent among professional teachers, college ad- 
ministrators, and scientific investigators for whom it will be ex- 
tremely provocative of profitable thinking. 

We cannot in a few words indicate the content of the book more 
clearly than John Dewey has done in his Foreword. ‘Dr. Wat- 
son accomplishes a much-needed work, admirable in form and 
content, showing how science itself is limited, arrested, deflected, 
distorted, by the ‘mental world’ which reflects our social organiza- 
tion. He shows by direct demonstration, rather than by dem- 
onstration through argument, that the prevalence of mechanical 
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modes of social organization has produced not merely mechanistic 
philosophies of science—a relatively minor matter—but a mecha- 
nism in the mind of the inquirer which stands in the way of the 
manifestation of his whole personality in the scientific work he 
does—a major matter. The exclusion of the full personality 
from the work of the scientist takes its toll in what is scientifically 
accomplished—in the methods of science and the body of knowl- 
edge which is their fruit.” 

The author says in his Introduction, ‘‘Professional scientists 
tacitly assume that the chief operations by which science is 
created are those which are performed before the footlights, in the 
laboratory or the study, and recorded so impressively in scientific 
publications. It is my thesis that what goes on within the per- 
sonality of the discoverer (often without his knowledge), and in 
his interaction with his social setting, is just as important—some- 
times much more so, I have scrutinized the human processes at 
work in professional science, and tried to show that the passions 
and self-deceptions which scientific men share with the rest of 
mankind are supremely relevant to the real human worth of the 
‘scientific truth’ that they create. Scientific institutions are 
founded just as much on ambition, hypocrisy, fear of economic 
penalties, and urbane plagiarism as they are on the love of truth. 
‘Scientific method’ is, all too often, degenerating into a magic 
which employs the empty rituals of mathematics and measure- 
ment and the tabus of a worthless ‘logical rigour.’ ”’ 

There is much in the book which is quotable, much which would 
serve as text for seminar sermons. We content ourselves by 
quoting the paragraph which precedes the Synopsis of the last 
chapter, and afterwards the final portions of that Synopsis itself. 
We quote—and applaud. 

“For the true scientist—that is, lover of knowledge—(who 
wishes to justify the pedestal on which he has been placed by the 
modern mind) there is no escaping the call to a genuine nobility, 
versatility, and universality of outlook.’? (Watson prints on his 
title-page a quotation from David Hume, ‘Indulge your passion 
for science. . . but let your science be human.”’ George Sarton 
allots a whole page at the beginning of Volume 1 of his INrRopuc- 
TION TO THE HISTORY OF SCIENCE to a quotation from Terence, 
“Homo sum, humani nthil a me alienum puto’’). 

“First, there is the tyrannical cult of specialization. The great 
scientists have generally been anti-specialists. Nowadays, how- 
ever, he who wishes to propound a radically new conception, or to 
address the body scientific as a whole, finds himself chained by 
the parochial dogmas of some specialism. 

“Second, the time-absorbing strenuousness of research pre- 
vents the scientist from learning the world of men and affairs by 
direct participation. Moreover, his industry prevents him from 
seeing even his own field with the healthy unafraid eye of native 
sense. The scientist of the future, if he is to develop resourceful- 
ness for handling the unfamiliar and unique which stand outside 
his system, must be a man first, before he can be a scientist. 

“The education of scientists must therefore undergo far-reach- 
ing alterations. By deformalizing educational technic and by 
respecting individual capacity and interests, even in science, we 
may teach the youth a greater respect for his own special classi- 
fications. In later life he may not then be hypnotized by the 
priestly hocus-pocus of the public world of professional science. 
For it is this impressive, ‘accurate’ ritual that perpetuates the 
undue crystallization of thought and experiment around a limited 
group of abstractions. 

‘“‘However, no such educational change can hope to be effective 
without a simultaneous revolution in the accepted meaning of the 
word science. Neither the system, precision, experiment, scepti- 
cism, predictive power, communicability, nor universal accept- 
ance of the methods and laws of science can form a defensible 
boundary between science and other ways of knowing the world. 
The only way out is again to make science mean simply all hu- 
manly-significant knowledge. The bowdlerization of the word 
science by recent generations of scientists is the direct outcome 
of their ‘human nature.’ But in their irrepressible humanity lie 
the remedies: the cultivation of a conscious distrust of formali- 
zation of knowledge or method, a realization of the dangers of all 
social, logical, linguistic, abstract machinery, and a renewed faith 
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that native intelligence and creative imagination are still more 
fertile in discovery and in understanding than any formal ‘gj. 
entific’ regime.”’ 

The author, David Lindsay Watson, is a physical chemist, 
B.Sc, Edinburgh 1922, Ph.D. 1924. He has taught at New York 
University and at Antioch College in this country, has been aggp. 
ciated with Science Service, and now lives in Oakland, Maryland. 

The book is well printed and indexed, and is comfortable to reaq 
because the paper is neither weighted nor glazed. 

TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


AUSFUHRUNG QUALITATIVER ANALYSEN. Walhelm Biltz. Fifth 
revised and enlarged edition. Akademische Verlagsgesell- 
schaft M.B.H. Leipzig, Germany. x + 180 pp. 15.5 x 24 
em, Unbound, RM. 8.50; bound, RM. 9.60. 

Biltz himself received rigorous training under Clemens Winkler 
at about the beginning of this century. By Winkler, he was 
taught the value of practical work in contrast to mere theoretical 
knowledge. This was a lesson he never forgot. That it has 
borne fruit is shown by the very considerable amount of work 
that he publishes each year with the aid of his students. He 
feels very strongly that in the colleges of today too much empha- 
sis is placed upon chemical theory and too little on chemical 
practice. Instruction in qualitative analysis is now given in such 
a way as to introduce the student to chemical theory with little 
attempt to teach the art of making good analyses. This book 
was written partly as a protest against this practice of over- 
emphasizing theory. 

The book is absolutely devoid of extensive theoretical explana- 
tions and there is not a single, balanced chemical equation or any 
other form of mathematical expression in it. This does not mean 
that Wilhelm Biltz would have the student disregard theory en- 
tirely, for he counsels him to make liberal use of his brother’s 
(Heinrich Biltz) book for that purpose. 

As in the good old days of Bunsen, Brush, and Penfield, the 
first third of the book is devoted to blow-pipe tests (fifty-five 
pages). Then follow the methods for preparing a suitable solu- 
tion and particular attention is paid to alloys, fluorides, complex 
cyanides, tinstone, oxides of iron, aluminium, chromium and 
titanium, sulfates of lead, calcium, strontium, and barium, diffi- 
cultly decomposable silicates, and so forth. The method of test- 
ing for cations (eighty-five pages) follows conventional lines ex- 
cept that emphasis is placed upon the use of a saturated, aqueous 
solution of hydrogen sulfide rather than the gas. Attention is 
paid to the possible presence of thallium, germanium, selenium, 
tellurium, gold, platinum, uranium, zirconium, columbium, tan- 
talum, and the rare earths. 

Chapter III (pages 141-50) covers the tests for anions. As 
general reagents, solutions of iodine, potassium iodide, silver ni- 
trate, and barium chloride are used, after which special tests are 
made. Acetic and oxalic acids are included. 

An example is given of a suitable laboratory examination and 
the way the notebook should be kept. Biltz is emphatically 
against the practice of giving a student outlandish mixtures which 
he is never likely to run across in practice. The use of a small 
quantity of sample is recommended whereby considerable time is 
saved. Test-tubes, rather than distillation flasks, platinum 
wires, instead of platinum crucibles, and simple tests, rather than 
complicated procedures, are recommended. 

The last twelve pages of the text were written with the aid of 
Wilhelm Geilmann and cover the testing of commercial lead, re- 
fined copper, commercial aluminum, iron and steel, special slags, 
jewelry, and the detection of germanium or small quantities of 
mercury in ores. Some attention is paid to the use of the micro- 
scope for identifying precipitates. 

The book is well written and is sound with respect to methods. 
The fact that this is the fifth edition shows that there is some de- 
mand for the book in Germany. 

WiLiraM T. HALL 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE MASSACHUSETTS 
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ERIC K. RIDEAL (1890-_ ) 


Physical chemists of all countries admire the achievements of 
Eric Rideal, who since 1930 has been Professor of Colloid Science 


at Cambridge. He was born in London, April 11, 1890, and 
received his chemical training at Cambridge and Bonn. He holds 
the degrees, M.A. (Cantab.), Ph.D. (Bonn), and D.Sc. (London). 

In 1913 he visited Ecuador, at the invitation of the government, 
to give expert advice regarding the sanitation of Quito and 
Guyaquil. In collaboration with Samuel Rideal he has pub- 
lished the books, ““Water Supplies” (1915) and ‘‘Disinfection and 
Disinfectants” (1922). 

During the Great War he served as Captain of the Royal 
Engineers, was invalided from France to the Munitions Inven- 
tions Board and did research for the Department of the Fixation 
of Atmospheric Nitrogen. In 1919-20 he was visiting Profes- 
sor of Physical Chemistry at Illinois. He has also served as 
Lecturer in University College, London, and as H. O. Jones 
Lecturer, University of Cambridge. 


Though his chief interests have been catalysis and surface 
chemistry, he and his co-workers have worked in most of the 
fields of physical chemistry and have published numerous papers 
in European and American journals. His books include “Elec- 
trometallurgy” (1919); “Ozone” (1920); “An Introduction to 
Surface Chemistry” (second edition, 1930); “On Some Aspects of 
Adsorption” (1933). He is co-author (with H. S. Taylor) of 
“Catalysis in Theory and Practice” (second edition, 1927). 

Professor Rideal is a member of chemical societies at home 
and abroad. He has been President of the Faraday Society, 
and Vice-President of the Chemical Society (London). Election 
to the Royal Society came to him in 1930. He received the Gold 
Medal of the Society of Engineers in 1913; the government has 
recognized his accomplishments by conferring the order of the 


British Empire (M.B.E.) 
(Contributed by R. E. Oesper, University of Cincinnati) 
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GOD DEFEND EDUCATION In a flash 
of realistic insight a man, who has sometimes been 
slanderously called a cynic therefor, remarked that he 
could contrive to stand off his enemies if God would only 
protect him from his friends. Education stands in more 
desperate need of Divine defense from friendly minis- 
trants than the originator of this mot possibly could 
have. 

In a similar mood someone else has said that reason- 
ably adequate precautions may be taken against the 
criminal and the criminally insane, but that an honest 
fanatic in partnership with his God is a combination to 
be dreaded. Both the general public and the prac- 
ticing teacher have some cause to fear the capital-E 
Educators in league with their deified personification 
Education. 

No proprietary nostrum nor cosmetic preparation 
has ever been the subject of more extravagant claims 
of puissance than has the great god Education. Take 
Dr. Quack’s little pink pills and rid yourself of that 
tired feeling; see life through a rosy haze; lick your 
weight in wildcats before breakfast every morning, just 
forfun. Deodorize yourself (or scent yourself properly), 
keep your hair and keep it slick where hair should be, 
maintain faultless and highly polished dentition; then 
your boss will value you and reward you handsomely 
and people will respect and like you. 

Are you worried, apprehensive, perplexed? Do 
people consider you a clam, or, worse, a bore? Do 
your investments go wrong? Are your social relation- 
ships unsatisfactory? Are you short of cash? Knowl- 
edge is power. Culture is charm. The educated 
man is never bored—or broke. 

Insofar as the public is deceived by such claims it 
suffers the pangs of disillusionment, and either loses all 
faith (to the detriment of education), or reviles the prac- 


ticing teacher for inefficiency and inattention to busi- 
ness. The high priests and the prophets are sometimes 
all too ready to whoop on the mob. Are not all things 
possible to a deity? Must not any apparent defects 
be attributed to the miserable human instruments who 
serve him so imperfectly? 

Generally speaking, the practicing teacher who 
knows his subject is inclined to be more realistic and 
more honest with himself and others. He can, for in- 
stance, teach a reasonably intelligent and_ willing 
would-be photographer how to make clean, properly 
exposed, and developed negatives, and how to make per- 
fect prints by contact, projection, or any of a half- 
dozen more complicated processes of print-production. 
He can even impart the elementary principles of com- 
position, and give a few useful hints on lighting and 
emphasis. He cannot, and does not claim to convert all 
comers into Thoreks, Westons, Steichens, or Ruzickas. 
In short, he can make a photographer out of a good stu- 
dent, but he can’t make an artist out of a photographer. 

Will his alumni be better citizens because they are 
good photographers? Who knows? Will they be able 
to make aliving atit? Perhaps, but who can guarantee 
it? Will they enjoy a lifetime of pride and satisfaction 
in their craftsmanship, or will they be sentenced to an 
artist’s perpetual frustration in their quest for the per- 
fect picture? That depends upon their individual tem- 
peraments, or, more fundamentally speaking, physiolo- 
gies (endocrine secretions, and that sort of thing, 
y'know). Will society be the richer for their labors? 
Maybe; maybe they’ll work for advertising agencies. 

But condemn our hypothetical photography in- 
structor to work under an Educator, and he’ll find 
posted on his studio wall a list of ‘objectives’ that 
demand the best we have suggested and more. 

God defend chemical education 
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GEORG LUNGE (1839-1923) 


E. BERL 


Carnegie Institute of Technology, Pittsburgh, Pennsylvania 


EORG LUNGE was born in Breslau, Upper 
Silesia, September 15, 1839. He was the son 
of a merchant. He studied under the famous 

botanist and founder of bacteriology, Ferdinand 
Cohn (1828-1898) who did fundamental work on proto- 
plasm.* 

Lunge got his doctor’s degree from the University of 
Breslau in 1859, when he was not quite twenty, with a 
dissertation on alcoholic fermentation—just when the 
famous discussion between Liebig (1803-1870) and 
Pasteur (1822-1895) concerning fermentation and ca- 
talysis began to develop. Lunge then went to Heidel- 
berg and studied under Bunsen (1811-1899), in the 
same year that the spectral analysis was developed 
by Kirchhoff (1824-1887) and Bunsen. It may be of 
interest to cite the letter which Bunsen wrote on 
November 15, 1859, to Roscoe (1833-1915), describing 
one of the most wonderful discoveries and progresses 
ever made by man. 


“Actually Kirchhoff and I are occupied with a mutual investi- 
gation which does not let us sleep. Kirchhoff has made a wonder- 
ful, totally unexpected discovery. He has found the cause 
of the dark lines in the spectrum of the sun and has reproduced 
the same artificially in the spectrum of the sun and in the spec- 
trum of flames without lines, coinciding their position with the 
identical lines of Fraunhofer (1787-1826). Now the way is 
given to investigate the material composition of the sun and the 
fixed stars with the same exactitude as we can determine sulfur, 
chlorine, and so forth, by our reagents. 

“On the earth all these substances can be distinguished and 
found with the same exactitude as on the sun so that, for in- 
stance, I can detect a content of lithium in 20 g. of sea water. 

“For the detection of certain substances this method is pre- 
ferred to all other known methods. If you have a mixture of 
Li, K, Na, Ba, Sr, Ca, then you need only to bring 1 mg. of it 
in our apparatus to read all those substances directly by telescope 
by simple observation. Some of these reactions are wonderfully 
sharp. For instance, one can detect 0.005 mg. of Li with the 
greatest ease. I have found this material in nearly all potashes.”’ 


The Latin inscription on the grave of Fraunhofer— 
“He brought us nearer the stars’’—could be used with 
the same, or perhaps greater, right for Bunsen and 
Kirchhoff. 

From Heidelberg Lunge published a paper on the 
composition of the gases in the dark cone of non- 
luminous gas flames (Bunsen burner flames). This 
first publication of Lunge became important when 
Smithells split the flame of the Bunsen burner in two 





1 Presented before the Division of History of Chemistry at the 
pee cignth meeting of the A. C. S., Boston, Mass., September 

, 1939. 

2 At the beginning of a semester Cohn used to say, ‘‘The plant 
body is composed of carbon, oxygen, hydrogen, and nitrogen” 
and, writing the chemical symbols of these elements on the black- 
board, his name, COHN, appeared. 
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parts and when, forty-five years later, Haber (1868- 
1934) carried out his very important work concerning 
the water-gas equilibrium of the Bunsen flame. 

The next year, in 1860, Lunge, the twenty-one-year- 
old doctor of philosophy, became a chemist in a German 
fertilizer plant. He made experiments on the produc- 
tion of white paper from straw. In 1862 he established 
his own plant for the production of potassium ferro- 
cyanide, sal ammoniac, lead salts, tartaric acid, and 
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so forth. This plant did not operate according to 
Lunge’s wishes. Therefore, he decided to go to Eng- 
land. 

At this time England was the country where ap- 
plied chemistry was most advanced, especially inor- 
ganic chemistry. The cradle of modern chemistry was 
in France where, at the end of the eighteenth and the 
beginning of the nineteenth centuries, many great 
scientists, like Lavoisier (1743-1794), Dulong (1785- 
1838), and Dumas (1800-1884), carried out their im- 
portant work. It is known that in 1822 Liebig went to 
Paris to study under Thénard (1777-1859), the dis- 
coverer of hydrogen peroxide, and under Gay-Lussac 
(1778-1850). The development of the German scien- 
tific chemistry and chemical industry was greatly 
influenced by this transplantation of the new French 
chemistry to Germany. 
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The very important British textile industry was re- 
sponsible for the development of the British chemical 
industry. Large quantities of sodium carbonate, caus- 
tic sodium hydroxide, soap, and bleaching materials 
had to be produced. In the first sixty years of the last 
century sodium carbonate was produced exclusively 
by the Leblanc (1742-1806) soda process. Our present 
chemical industry would not have been developed to 
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the present stage without the teaching and experiences 
gained by the development of the Leblanc process. 
The utilization of all compounds entering into the Le- 
blanc process is ideal. The basic materials of the 
Leblanc process were sodium chloride, sulfuric acid, 
limestone, and coke. 
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The sulfuric acid industry has its own most important 
history. On Clement’s (1779-1841) and Desormes’ 
(1777-1862) observations (1806), Berzelius (1779- 
1848) based his conception of catalysis (1835). The 
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Gay-Lussac tower was invented in 1827 and used for 
the first time in 1842. Many sulfuric acid producers 
did not use the Gay-Lussac tower at this time and after. 
wards. John Glover (1817-1902) introduced the 
Glover tower in 1859. It was improved in 1864 when 
towers were built of about the same construction as to. 
day. Lunge saw this tower first in 1865 and gave it its 
name. In the following years, as usual when new, 
surprising things are invented, a discussion took place 
concerning the advantages and disadvantages of the 
Glover tower. Today one cannot believe that this 
great advance was resisted. There is no doubt that 
Lunge’s publications on the merits of the Glover tower 
are responsible for the rather quick acceptance of this 
important amelioration. It may be of interest to note 
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that Clemens Winkler (1838-1904) in 1867 also pro- 
posed to denitrate nitrosylsulfuric acid from the Gay- 
Lussac tower acid by hot sulfur dioxide, not knowing 
that this process had already been used by Glover and 
others for several years. He had to add water. Glov- 
er’s proposition to use water in the form of diluted 
sulfuric acid certainly presents a great progress over 
Winkler. The sulfuric acid was used mostly for the 
production of sodium sulfate, superphosphate, and of 
nitric acid. 

In these years when soda was produced in several 
places in England, especially in Newcastle-on-Tyne 
and other places near Liverpool, enormous amounts of 
hydrochloric acid escaped without being recovered. 
They caused the destruction of all vegetation. Lord 
Derby’s Act of 1863 demanded a nearly complete re- 
covery (more than ninety-five per cent.) of this harm- 
ful substance. This Act became very important 
because now the British industry was forced to convert 
the recovered hydrochloric acid into chlorine, chlorates, 
and into bleaching powder necessary for the bleaching of 
the British textiles. This was done first with manganese- 
dioxide whose recovery with the Weldon (1832-1885) 
process (1866) was of great importance. In 1867 
Deacon (1822-1876) invented his catalytical process 
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for the conversion of hydrochloric acid into chlorine 
This is one of the first, modern, heterogeneous cata- 
lytic processes introduced in the chemical industry. 
During Lunge’s stay in England new and important 
changes in the production of soda had taken place. 
In 1861 Ernest Solvay (1839-1922), then an employee 
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of the Brussels Gas Works, tried to find some use for 
ammonia which was produced as a by-product of the 
production of illuminating gas. At this time prac- 
tically no application was known for large quantities 
of ammonia. Its use as a fertilizer (ammonium sulfate 
or ammonium nitrate) and as a material for the pro- 
duction of nitric acid and 
urea became important 
afterward. Solvay, with 
the help of money lent 
by his family and by 
friends, built his first 
plant in Couillet, near 
Charleroi, Belgium, in 
1863. He based his 
process on the reaction 
NaCl + NHsHCO3 = 
NaHCO; + #£NH,Cl. 
Enormous _ difficulties 
had to be overcome. In 
1872 Solvay gave a li- 
cense for England to Lud- 
wig Mond (1839-1909) 
who, with a Swiss com- 
panion, founded the com- 
pany, Brunner, Mond and Company, nowI.C.I. This 
company also had tremendous difficulties and, soon 
after the start, was on the verge of bankruptcy. Sol- 
vay and his brother, Alfred, who, as a business man, 
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had the same genius as Ernest Solvay as a chemi- 
cal engineer, developed the Solvay process so that fifty 
years afterward not one single Leblanc soda plant 
existed in the world. For the writer it is an unforget- 
table episode when, in 1910, he made the personal ac- 
quaintance of Ernest Solvay. Solvay told him that if 
he had known that great men like Dyar, Hemming, 
Schlésing (1824-1885), and Bolley (1812-1870) had 
tried unsuccessfully to use this reaction between am- 
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monium bicarbonate and sodium chloride, he would not 
have dared, as a young, inexperienced engineer with- 
out capital, to enter this field. It is very well known 
that both industrialists, Ernest Solvay and Ludwig 
Mond, died extremely rich men. Toward the end of 
his life Solvay seemed to be rather disappointed. He 
gave great sums to many research institutions, espe- 
cially to the University of Brussels, hop ng that the 
puzzle of life could be explained. We know very well 
that the progress in this field is extremely slow; that 
money alone cannot contribute very much for the de- 
velopment of this most important problem of mankind. 

As long as Lunge was in 
England the progress of the 
Solvay soda process was 
rather slow so that in 1876, 
when he left England, the 
competition with the Le- 
blanc process was not yet 
serious. At this time about 
eight per cent. of the total 
soda production was made 
with the ammonia process. 
But soon afterward the price 
for one ton of sodium car- 
bonate went down from 
fifty-six dollars (gold) to 
twenty-two dollars. 
Finally, the Leblanc process, 
in spite of its perfect utili- 
zation of all components of 
the raw materials, could not resist. On the other hand, 
very often the Solvay process wastes practically all chlo- 
rine of the sodium chloride. In the Leblanc process one 
has to handle solid substances. In the ammonia soda 
process, solutions and gases have to be transported, and 
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only at the end of the operation solid sodium bicarbon- 
ate results. Furthermore, the Leblanc soda process 
needs much more fuel, power, and labor than the 
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Solvay process. These are the reasons why the Leblanc 
process could not compete with the Solvay process. 
This was the situation during Lunge’s stay in Eng- 
land. On the Continent at this time, the chemical 
industry was not developed in the same way as the 
British industry was. The French chemical indus- 
trialists did not use the really wonderful teachings of 
the French scientists at the end of the eighteenth cen- 
tury and the first forty years of the nineteenth cen- 
tury. The German chemical industry really only 
started in the sixties of the nineteenth century.® 
A. W. Hofmann (1818-1892) had just returned to Ber- 
lin (1865) from London where he and his seventeen- 
year-old assistant, Perkin (1838-1907), laid the founda- 
tion for the industry of the artificial dyes (1856). 
Lunge’s first position in England was in a plant 
where coal-tar products were made. In 1867 he pub- 
lished his first book on coal tar and ammonia which up 
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to 1912 was published in five editions in German and 
in English. In 1865, first as chemist, then as superin- 
tendent, he came into a newly founded, rather small 
soda plant in South Shields, near Newcastle-on-Tyne. 
Here he was in direct contact with that part of the 
chemical industry to which he devoted practically his 
whole future life. This was the acid and alkali in- 
dustry. Very soon he founded the Newcastle Chemical 
Society which afterward was converted into the So- 
ciety of Chemical Industry. He developed his soda 
plant and found time to publish articles on many 
different subjects so that his name became well known 
in the chemical industry and in the academic world. 
Reading his publications today, one is surprised at how 
broad Lunge’s interest was, and how well informed he 
became on different subjects. 

Lunge studied all of the advances which were made 
in the field of his activity with the greatest care. He 


* The Badische Anilin u. Sodafabrik was founded May, 1865; 
the Farbenfabriken vorm. Bayer and Company, 1863. 
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defended every improvement with great vigor, and is 
certainly responsible for quick advances in different 
industries. 

There must have been a desire on Lunge’s part to 
return to the academic world, in spite of his interest 
and success in technical matters. In 1875 at the Poly- 
technical School (now Technical University) in Zurich, 
the position of a professor of technical chemistry be- 
came vacant. In this position were Bolley, the editor 
of the first handbook on chemical technical analysis, 
and after him, Emil Kopp (1817-1875) who excelled in 
the field of dyestuffs. At this time the Polytechnical 
School was governed by an extremely capable, former 
lawyer, Karl Kappeler (1816-1888).4 Kappeler, after 
Emil Kopp’s death, first asked Heinrich Caro (1834- 
1910), the leading chemist in the dyestuff field of the 
rather small German Badische Anilin und Soda Fabrik 
at this time, if he would accept this position. Caro 
was then occupied with very many extremely important 
problems in the field of organic dyestuffs. He de- 
clined the offer but suggested that Kappeler should get 
in touch with Lunge. Both men met in Kdéln, and 
Lunge decided to accept Kappeler’s offer. He went to 
Zurich in 1876 and filled a position there for thirty- 
two years, and brought world fame to the Polytech- 
nical School of Zurich. At this time and later this 
school was really one of the first technical schools 
in the world.® 

There is no doubt that Lunge was one of the most 
excellent teachers of his time. The progress in the field 
of chemical engineering and chemical technology can 
be traced back to Lunge’s activity as a teacher. The 
writer attended some of his classes, and he remem- 
bers very well the deep impression he got from Lunge’s 
lectures, thirty-five years ago. Most of his teachings 
were based on his own experience, and the student was 
taught this field of chemical technology in a really ideal 
way.’ At the beginning of his Zurich activity, Lunge 
had to cover not only the field of inorganic technology 
and fuels, but also the field of organic technology, 
especially the field of artificial dyestuffs, natural and 
artificial fiber goods, bleaching, and dyeing. 

In 1886, with Victor Meyer, he built a chemistry 
building in Zurich which, at the time of its construc- 
tion, certainly was the most perfect of its kind.’ In it 


4 At a dinner in honor of Victor Meyer (1848-1897), Kappeler 
gave the following definition of chemistry, ‘“‘Chemistry is a 
terrible science, costs a lot of money, and stinks horribly.” 

5 Zeuner, Reuleaux, Clausius, Semper, Bolley, Kopp, V. Meyer, 
Escher, v. d. Linth, Kullmann, Nageli, Fiedler, and many other 
great scientists taught there. Several of them knew well their 
position in the learned world. One used to say, ‘There are 
only two famous representatives in my profession—the other is 
already dead.” 

6 He spoke, for example, of the blast furnace process and the 
vain efforts to convert all carbon monoxide into carbon dioxide 
by increasing the size of the blast furnace stoves. In former 
times the escaping gases were burned and one of these stoves on 
the coast of Scotland seemed like a lighthouse and was the cause 
of several shipwrecks. j 

7 Fifty years ago Lunge built there one of the first air condi- 
tioning installations by cooling warm air with cold water. The 
greatest difference in temperature in this building, summer and 
winter, was 5°C. 
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very important contributions to science and industry 
were and are made. Great scientists like Heumann 
(1851-1894), Gnehm (1852-1923), Treadwell (1857— 
1918), Hantzsch (1857-1935), E. Bamberger (1857— 
1932), Willstatter (1872—), Staudinger 1881—), Wiegner 
(1883-1936), Ruzicka 
(1887-), and others 
worked and taught there. 
The center of gravity of 
Lunge’s teaching activity 
was in the laboratory. 
He saw every student in 
his fifth and sixth semes- 
ters every day. Ac- 
companied by his assist- 
ant, he discussed. with 
the student his particular 
problem, gave the neces- 
sary instruction, and in 
this way educated a large 
number of excellent men 
in the field of technical 
analysis. At the end of 
this laboratory course, 
the student very often 
began his activity in research work. With the help of 
graduate students, Lunge solved many important prob- 
lems in his later years. His experimental work during 
the first twenty years of his scientific activity at Zurich 
was made practically without the help of collaborators. 

A great part of his scientific activity in Zurich was 
devoted to the study of the sulfuric acid lead chamber 
process. It is greatly to 
Lunge’s credit that he 
clarified many of the com- 
plicated questions. His 
last scientific work with the 
writer during the years 
1904-1907 was devoted to 
this problem. 

Fritz Raschig (1863- 
1928), certainly one of the 
best-informed men in the 
field of the chemistry of 
sulfur-nitrogen com- 
pounds, in 1887-8 de- 
veloped a very interesting 
theory of the lead chamber 
process which was objected 
to by Lunge. Raschig 
afterward entered the ser- 
vice of Badische Anilin und Sodafabrik, Ludwigsha- 
fen (now I. G.). After a few years he left the I. G. 
and founded hisown company which did extremely 
successful work. Raschig made many very valuable 
inventions, especially in the field of synthetic phenol, 
phenol derivatives, and phenol-formaldehyde com- 
pounds. He invented a very important process for 
the production of hydrazine. His Raschig rings 
are well known all over the world. He developed an 








R. C. B6TTGER 





K. F. KUHLMANN 








457 


interesting, continuous process for the distillation of 
complicated mixtures like coal tar. After having 
done such excellent work in the field of applied chem- 
istry, in 1904 Raschig returned again to his theoretical 
views which he had developed more than twenty-five 
years before. 

The discussion with Raschig which followed after- 
ward (1904-1907) was of great importance for the 
development of the lead chamber process. From this 
discussion sprang up a new development which is 
known as the intensified production process of sulfuric 
acid. Opl in Czechoslovakia was the first to make use 
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of Lunge’s and the writer’s experiments whereby nitro- 
sylsulfuric acid in a somewhat labilized state did con- 
vert per one mol many thousand mols of SO, and oxy- 
gen into sulfuric acid. Unfortunately, during this dis- 
cussion with Raschig, the personal element entered in 
and excited Lunge so much that in 1907 he resigned his 
professorship and retired to private life. The study 
of the theory of the lead chamber process was later 
taken up by the writer and his collaborators. It was 
shown that the theory developed with Lunge was right, 
and that, based on this theory, by the use of increased 
pressure, the output per unit of time and unit of vol- 
ume could be increased ten thousand times compared 
with the output in older systems. When Raschig died 
in 1928, the writer paid him the last honor. Raschig’s 
collaborator, Prahl, told him then that the late, great 
scientist and industrialist had convinced himself that 
some of his former views were wrong. He had de- 
cided to publish this, but, unfortunately, Death took 
his pen from his hand. After his death, Prahl did it in 
his name. 

Besides extensive and intensive work in the field of 
sulfuric acid, lead chamber and contact process, Lunge 
did work in the field of coal tar. His researches on 
cellulose nitrates (Chr. F. Schénbein, R. C. Béttger) 
are important. Here he cleared up many wrong 
views and created the basis of the modern produc- 
tion of these cellulose esters. He determined the 
density of the most important acids, alkalies, and salt 
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solutions. This work is just as important today as it 
was fifty years ago. Further work was done in the 
field of water-gas production and gas producers. 

Other research work concerning the Deacon-Hurter 
process for the production of chlorine from hydro- 
chloric acid and oxygen has thrown important light on 
this very interesting catalytic process. Connected 
with this work were his important studies on the con- 
stitution and formation of bleaching powder. 
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Lunge did important work for the elimination of yel- 
low phosphorus in the match industry. The yellow 
phosphorus caused a terrible disease among the work- 
men, the so-called phosphorus necrosis. 

Besides this research work, Lunge made several im- 
portant inventions. Before the oleum contact process 
was worked out, he introduced an ingenious process 
(1882) to produce sulfuric 
acid monohydrate by freezing 
concentrated ninety-four to 
ninety-seven per cent. sulfuric 
acid and separating the frozen 
monohydrate formed from 
the weaker mother liquid 
(containing ninety-two per 
cent. sulfuric acid). 

A very important inven- 
tion was his reaction tower 
(1886) known under the name 
of the Lunge-Rohrmann plate 
reaction tower. This tower, 
used formerly on a rather 
large scale in the chemical 
industry, increased the pro- 
duction of sulfuric acid in the 
lead chamber process considerably. This reaction tower 
was used also in other industries. It is the forerunner 
of the packed towers which, filled with rings or saddles, 
have obtained widest use in industry. 

Lunge’s process to form nitric acid and alkali by 
heating sodium nitrate with iron oxide did not become 
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important from a technical standpoint, in spite of the 
interesting, underlying reaction. At that time ma- 
terials could not be found which would stand the action 
of alkali and acid at the same time. It may be that 
this process today, with our improved construction ma- 
terials, could be carried out in an industrial way. 
He contributed important progress based on the analy- 
sis of silicates, finding the differences in the reactivity 
of colloidal and crystallized silicic acid with weak and 
strong alkali. This work is important for the knowl- 
edge of fire-proof clay. 

Another field of Lunge’s activity was the invention 
and the improvement of many laboratory methods. 
We owe to him the introduction of methyl orange 
(1878) as an indicator and the study of the action of 
other. indicators. This work was done in connection 
with the use of filtered drinking water from the Lake 
of Zurich. Typhoid epidemics which caused many 
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deaths by the use of unfiltered water disappeared 
when, through careful filtration, all dangerous bacteria 
were removed. 

His publications on standard solutions and on stand- 
ard titrimetric substances are of greatest importance. 
Lunge’s method for the analysis of pyrites is used with 
slight modifications all over the world. His gas analy- 
sis methods, especially the development of his nitrom- 
eter (1878) and gas volumeter (1890-1892) are of the 
greatest importance for technical analysis. The nitrom- 
eter method was first described by Crum (1847). 
Lunge’s modification, by using the mercury not only as 
a reducing agent but also as confining liquid, is the 
reason for the broad application of this method. His 
gas volumeter, whereby the reduction of a gas volume to 
0°C. and 760 mm. pressure is made mechanically, is 
based also on a very ingenious idea. Lunge intro- 
duced other gas volumetric methods, for instance, the 
determination of hydrogen peroxide by hypochlorites. 
The determination of the strength of permanganate 
solutions with hydroperoxide and, vice versa, the 
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introduction of sodium carbonate as a standard titri- 
metric substance, and other methods have found much 
yse in technical chemical laboratories. 

We cannot overestimate the importance of this part 
of Lunge’s experimental work. Before his time the 
recipe of the foreman ruled in the older chemical tech- 
nic. Through Lunge’s work, this was replaced by a 














D. M. KILIANnI 


strong bridge of scientific certainty. Now it became 
possible to get an insight into the complicated reactions 
of the chemical industry,.and to reproduce them without 
failures and setbacks. 

Lunge was an extremely fertile writer of technical 
publications and very valuable books. His work is 
known all over the world. Altogether he published 
six hundred seventy-five publications, among them 
eighty-six books and pamphlets. He had the wonder- 
ful talent to write with the greatest ease. During 
forty-five years he worked sixteen hours a day. His 
book on coal tar and ammonia (five editions) has been 
mentioned. His books on soda manufacture, and es- 
pecially his book on sulfuric acid, are fundamental. 
This handbook of the soda industry was first published 
in 1879. The fourth and last edition was published in 
1916. He translated this handbook himself from Ger- 
man into English. It has also been translated into 
French by Naville. 

Lunge published three editions of a comprehensive 
work on ‘‘Technical Methods of Chemical Analysis.”’ 
The first two editions of this book were published 
by F. R. Boéckmann. The writer had the privilege 
of publishing the sixth edition with Lunge, and the 
seventh and eighth editions after Lunge’s death. These 
“Technical Methods of Chemical Analysis’”’ were pub- 
lished first in two volumes. Lunge increased the num- 
ber of volumes to three and, with the writer, the num- 
ber was increased to four, and finally to five volumes. 
The ‘“‘Pocket Handbook for the Inorganic Chemical 
Industry” was edited in 1893 by Lunge in connection 
with the association of the German soda producers. 
The fourth, fifth, and sixth editions also were published 
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by Lunge and the writer, and the seventh edition by the 
writer alone after Lunge’s death. It was translated 
also into English and French. 

These books are of great importance for the chemical 
industry. Lunge, who had the broadest experience in 
the field of technical chemical analysis, laid down all his 
experiences in these books. Furthermore, those parts 
for which he was not a specialist were written by the 
best specialists. 

Lunge was the kindest of men. Misfortunes he had 
in his own family did not harden his heart. He did all 
that was in his power to bring his students into posi- 
tions and to improve their situation. For many years 
the English, Swiss, and German industries got many 
of their best men in the field of technical chemistry from 
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Lunge’s laboratory. René Bohn (1862-1922) and Robert 
E. Schmidt (1864-1938), certainly the greatest chemists 
of their time in the field of alizarin dyestuffs, especially 
indanthren dyestuffs, were former students and as- 
sistants of Lunge. Alfred Werner (1866-1919), 
the ‘great inorganic Ke- 
kulé,” and Nobel prize win- 
ner (1913), also Lunge’s 
pupil, always had the 
greatest admiration for 
Lunge who was responsible 
for his advanced studies 
under Berthelot (1827-1907) 
in Paris. After having dis- 
covered the asymmetry of 
nitrogen in 1890, Werner be- 
came assistant to Lunge. 
After one semester of this 
activity, Lunge told Werner, 
‘You are fired as my assist- 
ant. I cannot use your ser- 
vices any more because you 
are much too good for this minor position. I know that 
your father is a man of little means. With his and 
my help it may be possible for you to study one year 
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in Paris.” In this one year the theory of inorganic 
compounds ripened in Werner’s head. It is not widely 
known that, in preparing his notes for his lectures, he 
dreamed his theory which afterward made him famous. 
Within one week, working day and night, Werner 
worked out and wrote down the theory of inorganic 
compounds which was published in 1892. This funda- 
mental publication contains all the elements of his 
future scientific work which he carried out until 1915 
when he became ill. Alfred Werner died in 1919. 
Without Lunge’s help he would probably have had to 
spend much more energy to reach this highest peak of 
any scientific activity. 

The writer of these lines also owes much gratitude 
to Lunge. During the years of their collaboration, 
from 1904 until his death in January, 1923, Lunge was 
like a father to him. 

When Lunge entered the chemical industry, this in- 
dustry was based mostly on the production of lead 
chamber sulfuric acid, sodium carbonate according to 
the Leblanc process, and the caustification of sodium 
carbonate with lime. At the end of his life, of which 
he had given more than sixty years to research, the 
contact sulfuric acid assumed a very important place. 
The Leblanc soda industry was superseded by the 
Solvay process. The caustification alkali hydroxide 
was partly replaced by the mightily developing elec- 
trolytic industry. Chlorine which was formerly pro- 
duced by the Weldon and Deacon process is now pro- 
duced by the electrolytic process. Organic chemistry 
celebrated its great triumphs. Willstatter (1872-), 
Lunge’s colleague in the Technical University of Zurich, 
did his fundamental research work on chlorophyl, the 
assimilation of carbonic acid and water in the plant and 
on enzymes. The organic dyestuff industry got a tre- 
mendous development, also the pharmaceutical indus- 
try, and the explosives industry. Alfred Nobel (1833- 
1896), who made his most important first. inventions 
when Lunge entered the field, left the world with the 
most powerful explosives for war and for civilian pur- 
poses. 

The rayon industry, based on Count Chardonnet’s 
(1839-1924) and Cross’ (1855-1935) inventions, de- 
veloped to a most important industry. Progresses in 
the production of pig iron, steel [(Bessemer, 1813-1892), 
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(P. Martin, 1824-1915), (Thomas, 1850-1885)], and 
special steels (B. Strauss, 1880-) and alloys were 
made. The industry of aluminum [(Wohler, 1899- 
1883), (Bunsen, 1811-1899), (Hall, 1863-1914), 
(Heroult, 1863-1914), (Kiliani, 1858-1895)], mag- 
nesium, and light alloys was developed. 

The physical chemistry was created by van’t Hoff 
(1852-1911), Arrhenius (1859-1927), W. Ostwald, Horst- 
mann (1842-1929), and many others. The most im. 
portant industrial consequences of this science were 
drawn by Lunge’s distant relative, Fritz Haber. The 
formation of ammonia from its elements by the high 
pressure synthesis of Haber and Bosch (1872-), its 
combustion to nitric oxides and their conversion to nitric 
acid [(Kuhlmann, 1803-1881), (W. Ostwald, 1853- 
1932), (Mittasch, 1869-), (Bosch)], the hydrogenation 
of coal by Bergius (1884-) the first steps to produce 
liquid hydrocarbons, alcohols, acids, and so forth, by the 
hydrogenation of carbon monoxide (Mittasch), were 
made before Lunge died. These sixty years of his life 
covered the greatest progress in the field of industrial 
chemistry in which he, through his own work as a chemi- 
cal engineer and as a research man, contributed im- 
mensely. 

Lunge was forced to retire in 1907 because his health 
was impaired by arteriosclerosis. Unfortunately, after 
his retirement, his memory suffered greatly. After 
a life which lasted eighty-three years and three months, 
Death took him away, honored and loved by many 
hundreds of his former pupils. 

Lunge’s personality cannot be better characterized 
than with these words which Fritz Haber, then presi- 
dent of the German Chemical Society, spoke after 
Lunge’s death: 


“His example is a reminder that science not only serves its 
own systematic progress, but it has to help men so that they find 
better conditions of life. In the realm of scientific abstraction 
there are independent kingdoms of thought and experiment, and 
ruler is he whose glory outlasts the centuries. The masters of 
thought and experiment are not the only kings in science. He is 
also a king who, through knowledge and work, through teaching 
and research in the field of applied science, guides the spirits of 
the contemporaries, and who in scientific work conquers provinces 
in which previously only the craft undertook expeditions. 
Such was the kingdom of Georg Lunge.”’ 





LITERATURE SERVICE FOR CHEMISTS 


Beginning October 1 the Hooker Scientific Library, Fayette, 
Missouri, will inaugurate a new literature service for chemists. 
Dr. Julian F. Smith is leaving the du Pont Company, where he 
has been doing chemical literature work, to become associate di- 
rector of the “Friends of the Hooker Scientific Library.” 
Dr. Neil E. Gordon is director of the association and head of the 
chemistry department at Central College, owner of the library. 
Through Dr. Smith the Library will offer translations and litera- 
ture searches, backed by facilities for furnishing filmstat or 
photostat copies of any matter in the more than twenty thousand 
volumes comprising the collection. To his chemical education 
(B.S., University of Illinois, 1916; M.S., University of California, 
1920; Ph.D., The University of Chicago, 1922) and his long ex- 
perience in chemical literature work Dr. Smith adds linguistic 
skill acquired by years of practice in translating from German, 
French, Italian, Spanish, Portuguese, Dutch, Scandinavian, 


Polish, and Russian. The combination of a specialist in techni- 
cal literature and one of the most comprehensive chemical libra- 
ries ever assembled is unique in chemical reference service. It 
offers an unprecedented opportunity to all chemists to have 
technical literature or patents clearly and accurately translated 
by a chemist, and to have the literature on any problem skilfully 
combed by an experienced searcher who is not hampered by 
language barriers. : 

The Hooker Scientific Library will render these services at cost 
(on a self-supporting, but a non-profit basis) to members of the 
“Friends of the Hooker Scientific Library.”” The minimum 
fee for an individual life membership is ten dollars; for 4 
permanent corporation or institutional membership, one hundred 
dollars. All who are interested are invited to write to Dr. Neil 
E. Gordon, Central College, Fayette, Missouri. 











HE first experimentally produced cancer in 1915 
by the long-continued application of a coal-tar 
distillate to the ear skin of rabbits (149) confirmed 

the suspicion that cancer among workmen engaged in 
cal-tar distillation was an occupational disease. The 
search for the carcinogenic agent or agents in coal tar 
has been extended until today scores of substances, 
many of them far removed chemically from coal tar, 
are known to produce malignant tumors in laboratory 
animals. Early in the prosecution of this research the 
discovery was made that certain agents would prevent 
the formation of experimental cancer, while others 
would retard the growth of tumors already present, 
or bring about their disappearance. A number of 
reviews of early work on carcinogenic and anti-cancer 
agents have appeared from time to time. The follow- 
ing bibliography is so arranged as to bring out the major 
lines the investigations are following at present. 


I. CARCINOGENIC AGENTS IN TARS 


Brownlie (20) has recently presented a mass of data 
in support of the theory that poisonous organic prod- 
ucts of high-boiling benzenoid hydrocarbons cause 
cancer. These products were obtained by the pyrolysis 
of coal, petroleum, shale, and wood. Kling (68) on 
the other hand, maintained that it was the lighter oils 
of coal tar, with boiling points of 75-200°C., which 
produce primary cancer in mice. Domagk (40) traced 
the history of carcinogenic agents and gave experi- 
mental results on the production of tumors with coal 
and gas tar. Andervont and Lorenz (3) produced 
tumors with tar and shale. Oberling and associates 
(106) showed that tar cancer can develop in mice, rats, 
and rabbits. Waterman (147) caused carcinoma of the 
stomach with tar, while Cholewa (28) found a solid 
carcinoma of the heart following tar painting of the 
ear. Dobrovolskaya-Zavadskaya and associates (37, 
38, 39) produced sarcomas in various locations in mice 
by tars. Kinoshita (66) secured epithelioma by paint- 
ing the skin with tobacco-tar. Roffo (113) showed that 
direct distillation in closed vessels of tobacco from 
Germany, Italy, Turkey, and other countries gave on 
spectrographic examination hydrocarbons with con- 
densed benzene nuclei. 


II. CARCINOGENIC HYDROCARBONS 


1. Benzopyrenes.—Four of the workers reporting 
tar cancers in the preceding section have investigated 
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the carcinogenic activity of benzopyrene-hydrocarbons. 
Kling (68) identified benzopyrene as the light oil in 
coal-tar producing cancer. Domagk (40) and Oberling 
(106, 107) used 1,2- and 3,4-benzopyrene to develop 
tumors. Waterman (147) found benzopyrene dissolved 
in fat-produced carcinoma of the stomach even more 
readily than tar. 

Moore (91), Dansi (35), Cornil (32), and Klinke 
(69, 70,71) allused 1,2-benzopyrene to develop tumors. 
Lambret (76), however, reported that rabbits resisted 
the action of 1,2-benzopyrene. The isomeric 3,4- 
benzopyrene caused carcinogenesis in mice, according to 
Nakahara (95) and Haddow (56). LeRoy (77) on the 
other hand, reported no tumors in rabbits injected with 
colloidal solutions of 3,4-benzopyrene. Klar (67) cited 
the case of a man developing epithelioma three months 
after working with benzopyrene. Taschner (137) pro- 
duced leucopenia in mice with benzopyrene. Rondoni 
(117) in a paper setting forth the theory of cancerigenis 
as an irreversible process of nuclear injury described the 
formation of sarcoma by benzopyrene. Maisin (85, 
87, 88, 89) has studied the inhibiting power of a number 
of reagents on the development of cancers from benzo- 
pyrene (see anti-cancer agents below). 

2. Cholanthrenes—The carcinogenic activity of 
cholanthrenes has been investigated extensively. In 
1936 Maisin (86), Dansi (35), and Domagk (40) re- 
ported tumors from methylcholanthrene. The follow- 
ing year this was confirmed by Fieser (44), Nakahara 
(96), Taschner (137), and Valade (142), and again in 
1938 by Athias (9) and Andervont (4). Fieser 
(44, 46) also produced tumors with cholanthrene, 16, 
20-dimethylcholanthrene and 20-methylcholanthrene. 
Shear (127, 129) found cholanthrene, 20-ethylcholan- 
threne, 20-methylcholanthrene, and 16,20-dimethyl- 
cholanthrene all carcinogenic. Bachmann (11), in his 
fourth communication on the production of cancer by 
pure hydrocarbons, stated that methylcholanthrene 
was more potent than cholanthrene, while Bruce and 
Kahn (21) announced that 20-ethylcholanthrene took 
twice as long to produce tumors in mice as did 20- 
methylcholanthrene. Boyland (17) reported that 
methylcholanthrene was more effective in fatty solu- 
tions than in colloidal suspensions in inducing tumors in 
mice. LeRoy and associates (77), however, failed to 
discover any carcinogenic activity in rabbits injected 
with colloidal solutions of methylcholanthrene. 

3. Benzanthracenes.—Benzanthracenes rival the cho- 











462 


lanthrenes as compounds of carcinogenic activity. 
Fieser (47) has produced a number of derivatives of 
1,2-benzanthracene with alkyl-substituents in the 10- 
position, and also some simpler compounds which lack 
the cyclopentane ring; both classes of compounds pos- 
sessed high carcinogenic potency. Some hydroxy- 
and methoxy-derivatives of these, however, were only 
weakly carcinogenic. This same investigator (44) 
produced tumors with 5,10-dimethyl-1,2-benzanthra- 
cene and 10-methyl-1,2-benzanthracene; in earlier 
work (45) Fieser showed that 3-hydroxy-1,2-benzan- 
thracene and its methyl ether had weak carcinogenic 
properties, and that 5,10-dimethyl-1,2-benzanthracene 
had cancer-producing characteristics (43). 

Shear (129) confirmed the carcinogenic activity of 
5,10-dimethyl-1,2-benzanthracene; in the same publi- 
cation he added 10-methyl-1,2-benzanthracene, 5,9- 
dimethyl-1,2-benzanthracene, 9-methyl-1,2-benzan- 
thracene, 4,10-ace-1,2-benzanthracene and its 1’,2’,3’,- 
4’-tetrahydro derivative as tumor producing. In 
earlier work Shear (127) found 8,9-dimethyl-1,2-ben- 
zanthracene and 1,9-methylene-1,2,5,6-dibenzanthra- 
cene also carcinogenic. 

Cornil (32), Dobrovolskaya-Zavadskaya and asso- 
ciates (38, 39), Hieger (61) and Yudina (150) reported 
1,2,5,6-dibenzanthracene as carcinogenic. Cook (30) 
stated that the same reagent increased yeast prolifera- 
tion fifty per cent. Andervont and co-workers pro- 
duced tumors with 1,2,5,6-dibenzanthracene absorbed 
on charcoal (3), or dispersed in either lard solution or in 
dog and horse serum (2). More recent work has dealt 
with hereditary effects (4, 5). LeRoy and co-workers 
(77) included 1,2,5,6-dibenzanthracene in their intrave- 
nous administration of colloidal solutions of carcino- 
genic hydrocarbons, and found no tumors developed in 
rabbits so treated. 


III. CARCINOGENIC ACTION OF SEX HORMONES 


The carcinogenic action of sex hormones has fascinated 
a number of investigators. Kinoshita (66) produced 
carcinoma in mice by injections of the follicular hor- 
mone. Champy (25, 26) developed tumors in the ova- 
ries of rabbits, rats, and guinea pigs by follicular and 
testicular hormones. Prolonged treatment of mice with 
estrogenic hormones caused sarcoma to develop accord- 
ing to Lacassagne (74). This same worker later (73) 
confirmed this by noting the carcinogenic action on mice 
of estrone, equilin, estradiol, and other estrogenic 
bodies. Bonser (16) and associates developed mam- 
mary carcinomas in mice with estrone benzoate and 
prolactin. Nitta (104) found that injections of corpus 
luteum hormone accelerated the growth of rat car- 
cinoma. Estrone hastened the appearance of tumors 
in treatments with the carcinogenic hydrocarbon, 
3,4-benzopyrene (52). Perry and Ginzton (109) noted 
that tumors developed earlier and in greater numbers 
in mice when theelin was mixed with 1,2,5,6-dibenzan- 
thracene than when the hydrocarbon was used alone. 
Gutschmidt (54) has recently called attention to the 
relation between benzopyrene and the sex hormones. 
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IV. CHOLESTEROL, ERGOSTEROL, 


CARCINOGENESIS 


AND LECITHIN jy 


The structural relationship of the ergosterol ang 
cholesterol molecules to the sex hormones finds a parallel 
relation in the action of these agents in carcinogenesis, 
Polettini (110) in 1936 demonstrated that irradiated 
ergosterol produced tumors in mice. The following 
year Schmid (124) reported similar results with pigeons, 
and Burrows and Mayneord (22) found tumors in mice 
following injection of irradiated cholesterol in lard, 
Amano and Tomita (1) found that cholesterol stimy. 
lated Flexner-Jobling rat carcinoma and Fujinawa rat 
sarcoma, while lecithin stimulated the production of 
hepatoma in rats. Rondoni (117) described the pro- 
duction of sarcoma by benzopyrene along with choles- 
terol. Gutschmidt (54) pointed to the structural rela. 
tion of benzopyrene to cholesterol and _ ergosterol, 
Waterman (147) used cholesterol oleate to produce 
carcinoma of the stomach. Roffo (114) has developed 
a theory that sunlight and ultra-violet light rays trans- 
form cholesterol in the skin into carcinogenic substances 
with phenanthrene nuclei. 


Vv. AMINO, AZO, AND NITRO COMPOUNDS AS CARCINO- 
GENIC AGENTS 


There is considerable controversy in the recent litera- 
ture on the carcinogenic activity of amino, azo, and 
nitro compounds. Aoji (6) in 1936 reported injections 
of o-aminoazotoluene produced adenocarcinoma of the 
liver of chickens. The following year Waters (148) 
caused tumors in albino rats with the same reagent, 
and Shear (128) noted the development of tumors in 
mice from 2-amino-5-azotoluene. Nakahara (94), how- 
ever, was unable to produce malignant tumors in 
chickens with o-aminoazotoluene. Zylberzac (151) has 
discussed the production of tumors with o-aminoazo- 
toluene. Kinoshita (66) obtained tumors in mice 
following injections of azo and N-methylated azo com- 
pounds, like butter yellow. 

Maio (84) described two hundred forty-eight cases 
of cancer due to amino and nitro compounds, including 
aniline, alpha- and beta-naphthylamines, and benzidine. 
Hueper (63, 64) reported tumors from aromatic amines 
and beta-naphthylamine. Berenblum and Bonser (14), 
on the other hand, obtained negative results on inject- 
ing and feeding mice, rats, and rabbits benzidine, 
alpha- and beta-naphthylamines, aniline, 5-chloro- 
orthotoluidine hydrochloride, and extracts of workmen’s 
urine. Evans (42) recorded tumors developing in 
eighty-three cases from six to twenty years’ exposure 
to benzidine, alpha- and beta-naphthylamines, and 
other nitro and amino compounds, but he did not find 
any tumors in those exposed to aniline. Creech and 
Franks (34) synthesized compounds from proteins and 
carcinogenic hydrocarbons, and they reported the 
compounds showed an immunological specificity due 
to the hydrocarbon group. 


VI. INORGANIC CARCINOGENIC REAGENTS 


Little investigation is in progress on the carcinogenic 











CATION 





CHIN IN 





‘rol and 
: paralle| 
PENEsis 
radiated 
oLlowing 
Digeons, 
in mice 
n. lard, 
stimu. 
wa. rat 
tion of 
ne pro- 
choles. 
al rela. 
sterol, 
roduce 
eloped 
trans- 
tances 



























<CINO- 






litera- 
, and 
ctions 
of the 
(148) 
gent, 
rs in 
how- 
‘Sin 
) has 
1Z0- 
mice 
‘om- 















‘ASES 
ding 
line. 
ines 
14), 
ect- 
ine, 
rO- 
n’s 
in 
ure 
ind 
ind 
nd 
nd 
he 
ue 





























(cTOBER, 1939 





qctivity of inorganic reagents, aside from radioactive 
substances. In 1936 Roussy (118) produced sarcomas 
in rats and mice with thorotrast, a colloidal solution of 
ThO:. Selbie (125) in the same year reported similar 
results, and more recently (126) carried the study fur- 
ther. Boglioli (15) in his experimentally produced 
sarcomas injected a solution of twenty-five per cent. 
colloidal thorotrast, fifty per cent. carbohydrate, and 
twenty-five per cent water. 

Nordmann (105) observed cancer of workers in as- 
bestos, and on examination found many needles of 
asbestos in the lungs of those afflicted with malignant 


growths. 


MISCELLANEOUS REAGENTS PRODUCING MALIGNANT 
GROWTHS 


VII. 


The carcinogenic activity of several oils has been 
investigated recently. Rowntree (119) and associates 
found ingestion of ether extracts of wheat-germ oil 
made sarcomas in rats. Dorrance and Ciccone (41) 
reported similar results. Chevrel-Bodin and Cormier 
(27) produced tumors by daily injections of campho- 
rated vegetable oil. Harmant and Watrin (59) de- 
scribed tumors developed in a woman from oil of cam- 
phor and eucalyptus. 

A few tissue extracts have been employed as carcino- 
genic agents. Sproul and co-workers (130) produced 
tumors with extracts from Rous chicken sarcoma when 
mixed with ascorbic acid, or a saline extract of muscle, 
casein, gelatin, or acacia. Liombart (78) employed 
glycerol extracts of Rous sarcoma in chicks to develop 
hepatic lesions. This investigator did not secure any 
carcinogenic action from extracts of human carcinoma, 
but Schabad (121) caused tumors in mice by benzene 
extracts of human liver of a man who died with cancer. 

Tchakhotine (138) used sodium salts of iodo- and 
bromo-acetic acids to produce misshapen forms in 
cancerization of embryonal sea urchin eggs. 

Schiller (122) secured rat sarcoma by injection of the 
dye Light Green F.S., which is the calcium or sodium 
salt of diethyl-dibenzyl-diaminotri-pheny-carbinol tri- 
sulfonic acid. Nishiyama (100, 101) produced sarcoma 
in rats by repeated injections of glucose solutions. 

Cook (29) prepared a number of glucosides related to 
carcinogenic hydrocarbons but found none of them 
carcinogenic. Strong (135) and Boyland (18) produced 
malignant change with several dibenzocarbazides. 


ANTI-CANCER AGENTS 


On the theory that ‘X-rays cause cancer and X- 
rays cure cancer”’ there is a rapidly growing literature 
dealing with chemical agents which retard the growth 
of cancers, and in some cases lead to the disappearance 
of the malignant growths. 

Lustig and Wachtel (80) have amassed the largest 
list of agents which retard and accelerate cancer growth 
both in vitro and in vivo. Dealing only with experi- 
ments of the latter kind, their data show that life was 
prolonged and tumor growth was retarded by a num- 
ber of amino acids and amino bodies, by tissue and organ 
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extracts, by urea, vitamins, and so forth. On the 
other side, they cited an equally imposing list of com- 
pounds which shortened life or accelerated tumor 
growth; among these may be mentioned guanidine 
compounds, dextrin, dextrose, citric acid, oleic acid, 
anterior pituitary extract, and so forth. 

In order to emphasize the similarity in chemical na- 
ture of the carcinogenic and anti-cancer agents, the 
material on the latter is presented under headings 
similar to those employed above on the classification of 
carcinogenic compounds. 


I. ANTI-CANCER HYDROCARBONS 


In 1936 Morelli and Guastalla (92) reported that the 
active carcinogenic hydrocarbon 1,2-benzopyrene in- 
hibited the growth of transplanted tumors in rats. 
The following year Haddow and associates published 
two articles on carcinogenic hydrocarbons; in the 
first (57) they found 1,2,5,6-dibenzanthracene, 5,6- 
cyclopentane - 1,2 - benzanthracene, 3,4 - benzophenone 
chrysene, and certain benzanthracene compounds, and 
9,10-dihydroxy-1,2,5,6-dibenzanthracene inhibited the 
growth of Jensen and Walker tumors; in the second 
publication (58) they list 3,4-benzopyrene, 1,2,5,6-di- 
benzanthracene, and 1,2,5,6-dibenzacridine as reducing 
the rate of growth of rats. Gottlieb (53) and associates 
showed that grafted carcinoma on mice grew more 
slowly if the mice were first treated with dibenzan- 
thracene and methylcholanthrene. Pybus and Miller 
(112) found 1,2,5,6-dibenzanthracene had an inhibitory 
effect on the growth of mammary tumors, but that pro- 
tective action was only temporary. McJunkin and 
Wolavka (82) injected aqueous emulsions of 1,2,5,6- 
dibenzanthracene into a rat sarcoma with the result 
that the sarcoma was made to disappear. 


II. ANTI-CANCERIGENIC ACTION OF HORMONES 


The anti-cancerigenic action of hormones has not 
been limited to those of the sex glands only, but recent 
publications include those from the pancreas and the 
pituitary. Nitta (102, 103, 104) has investigated the 
effect of both male and female sex hormones on malig- 
nant tumors. In addition to his findings on respiration 
and glucolysis as influenced by sex hormones, he re- 
ported that the follicle hormone of the anterior pituitary 
inhibited the growth of rat sarcoma, while injections of 
the corpus luteum hormone accelerated the growth of 
rat carcinoma. Flaks and Ber (50) decreased slightly 
the incidence of cancer in mice treated with methyl- 
cholanthrene by repeated injections of testosterone 
propionate. Cornell (31) secured marked tumor re- 
gression and relief in fifty-five out of sixty human cases 
of carcinoma by extracts of beef gonads. He found 
ovarian extracts were effective only in men, and tes- 
ticular extracts only in women. Savignomi (120) re- 
ported pregnancy urine contained a hormone which 
inhibited the growth of tumors. 

Lambret and Driessens (75) have demonstrated that 
injections of insulin into rats with Jensen sarcoma 
caused disappearance of the tumors. 
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Spontaneous mammary cancer in mice may be pre- 
vented according to Cramer and Horning (33) by the 
thyrotropic hormone of the pituitary gland. 

In a series of five articles Narimatsu (97) studied the 
effect of the posterior pituitary hormone on growth of 
malignant tumors, 


111, ACIDS, ALDEHYDES, AND AMINO BODIES IN CANCER 
CHEMOTHERAPY 

Amino acids have been used both to accelerate and to 
retard growth of malignant tumors, but there is little 
agreement at present as to the rdéle of individual amino 
acids. Tokuyama and associates (189, 140, 141) re- 
ported that arginine stimulated but lysine retarded the 
growth of tumors. Voegtlin (146) had found pre- 
viously that lysine was essential to the growth of mam- 
mary carcinoma. In a more recent communication 
(145) this investigator listed cystine and methionone as 
inhibiting growth of such carcinoma, while cystine and 
glutathione stimulated the growth after an_ initial 
period of inhibition. Suzuki and Maiyao (136) classi- 
fied histidine, tyrosine, leucine, and tryptophane among 
the growth-retarding amino acids, while arginine and 
glutamic acid favored the growth of rat carcinoma. 
Roffo (115) and Figari and Sivori (48) reported amino 
acids led to regression of tumors. 

Aromatic and fatty acids have been useful in the 
chemotherapy of cancer. Guy (55) used benzoic acid 
with good results in the treatment of cancer of the nose, 
Helmer and Clowes (60) reported that straight chain 
unsaturated fatty acids with eighteen or more carbons 
showed more inhibiting power than saturated fatty 
acids in chicken tumor development. According to 
Freund and Pearson (51) substances which dissolved 
carcinoma and sarcoma cells were obtained from fatty 
acids resulting from culture of intestinal bacteria on 
fatty nutrient media. Arloing and co-workers (7) 
reported metallo ascorbates possessed anti-tumoral 
activity, and in a second paper (8) they described the 
use of titanium and copper complexes of ascorbic acid 
in the treatment of cancer. Mayneord and Parsons 
(90) irradiated mice before and during injections of 
sodium-1,2,5,6-dibenzanthracene-9, 10-endo-alpha, beta- 
succinate and found such treatment accelerated tumor 
formation, 

Several papers have appeared on the influence of 
aldehydes on cancer. Strong (131) noted the liquefac- 
tion and retrogressive changes in tumors of mice follow- 
ing the use of heptyl aldehyde. Shortly afterward he 
followed this work with a study of heptyl aldehyde on 
spontaneous carcinomas of mammary glands of dogs, 
and obtained similar liquefaction of the tumors, fol- 
lowed by the gradual disappearance of the same (132). 
Maisin and associates (85) reported in 1936 that in- 
cidence of cancer in mice treated with benzopyrene was 
decreased by injection of peroxide of diformaldehyde or 
performic acid. Later (88) these workers found that a 
concentration of '/10 of diformaldehyde peroxide 
hastened the development of benzopyrene cancers, 
while concentrations of '/,95 to '/19!8 had inhibitory ac- 
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tion, which was found to be lowest in '/1" solutions o 
the peroxide, 
The influence of amino bodies, aside from amino 


acids, has received less attention. Ludford (79) ap. 
rested the growth of malignant cells by solutions of 
auramine, ethyl urethane, and colchicine. 


IV. INORGANIC REAGENTS POSSESSING 


PROPERTIES 


ANTI-CANCER 


The number of inorganic reagents investigated re. 
cently for anti-cancer effects is limited. Nemec (99) 
claimed remarkable beneficial results from injection of 
barium nitrate in cases of pulmonary and other types 
of carcinoma. Schmidt (123) found the following com. 
plex lead compounds effective in the treatment of mice 
carcinoma: sodium-diphenyl-lead-pyrocatechol dj. 
sulfonate, sodium-calcium-diphenyl-lead-pyrocatechol- 
disulfonate, and sodium-diamino-diphenyl-lead-pyro- 
catechol-disulfonate. Sodium bicarbonate retarded the 
growth of rabbit sarcoma according to Kageyama (69), 
Konsulov (72) arrested the growth of cancer in rats 
with sea water. Barbour and Allen (12) found the 
survival time of mice with tumors was shortened by 
deuterium oxide, but Fischer (49) claimed the growth of 
carcinoma cells of mice was completely stopped at 
concentrations of fifty per cent. heavy water. 


V. EXTRACTS OF ANIMAL TISSUES AND ORGANS 
EFFECTIVE IN CANCER TREATMENT 

Extracts of various animal tissues and organs have 
proved effective as anti-cancer agents. Dittmar (36) 
reported that cell-free extracts from tumors inhibited 
growth of tumors in mice. MacFadyen and Strum 
(81) found tumor growth was inhibited by water ex- 
tracts of the ether-insoluble fraction of the rabbit, 
mouse, and cow mammary gland, but that the ether- 
soluble fraction of the same stimulated the growth. 
The hydrolyzate of striated muscle caused the disap- 
pearance of malignant tumors in rats in the experiments 
of Roffo (116). British patent (108) number 454,440 
covered the water-soluble extracts of a number of 
animal organs which inhibited tumor growth. Maisin 
and fellow workers (88) greatly decreased the incidence 
of benzopyrene cancer in mice by feeding large amounts 
of yeast. McLeod and Ravenel (83) used extract of 
yeast to bring about shrinkage of tumors in one hun- 
dred fifty patients. Atzler (10) used extracts of fish and 
crustacea as remedies for tumors. Negro (98) em- 
ployed cobra venum in the treatment of cancer of 
stomach. 


VI. MISCELLANEOUS AGENTS RETARDING TUMOR 
GROWTH 


A number of sulfur compounds have been used to 
retard tumor growth. Boyland (19) experimented with 
twenty-five substances related to sulfanilamide or di- 
phenyl-sulfide; about fifty per cent. of the compounds 
inhibited tumor growth in mice; the most effective 
were p,p’-diamino-diphenyl-sulfoxide and sodium-sulf- 
anilylsulfanilate. Muller (93) claimed that hydrogen 
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acceptors, such as unsaturated sulfides, allylthiourea, 
of any substance which reduced methylene blue in 
hibited tumor growth, Ludford (79) reported arrested 
development of malignant cells by methyl-sulfonal and 
odium-cacodylate. 

Vannfalt (143, 144) found that mice which drank a 
fifty per cent. glucose solution showed longer survival 
time after tar cancer, Insulin, however, decreased the 
gurvival time in the work of this same experimenter, 
Kageyama (65) confirmed the retarding action of an 
acid diet on sarcoma by showing that sucrose acted like 
glucose. 

In 1936 Horner (62) reported that vitamin C did not 
favor growth of mouse sarcoma, ‘The following year 
experiments of Cameron and Meltzer (23) showed that 
diets rich in vitamins delayed growth of tar tumors, but 
that the final proportion of mice which developed 
growths was the same as normal, 
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Strong (133) originally reported that the survival 
time of animals harboring tumors was increased by 
natural oil of wintergreen. ‘Two years later (1394) 
he revised this statement by showing that it was the 
low-boiling fraction (six per cent, fraction) of the 
natural oil which was more effective; neither the high 
boiling fraction (eight per cent. fraction) nor synthetic 
methylsalicylate was effective, 

Barna (1/3) stated that cancer cells died in a much 
shorter time under the effects of acetone than did 
healthy cells. 

The author wishes to express his indebtedness to 
Dr. E. Emmet Reid, Professor Emeritus of the Johns 
Hopkins University, and to Dr, Charles I’, Geschickter, 
Department of Surgical Pathology, the Johns Hopkins 
Hospital, under whose joint direction this study was 
made, Acknowledgment is due also to the Bloodgood 
Cancer Fund for financial assistance, 
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Lhe COURSE in GENERAL CHEMISTRY 


P. W. SELWOOD 


Northwestern University, Evanston, Illinois 


HE teaching of elementary chemistry throughout 

past years appears to have justified itself from 

both technologie and ‘‘pure science’’ viewpoints. 
Judging from the number and general excellence of our 
chemical industries and research institutes at least one 
objective of instruction is being achieved. But most 
college students do not take advanced work in chem- 
istry. Many of them find the subject incredibly dull. 
And as for inculcation of the “scientific method” 
among non-technical people, the result of our teaching 
has been notable failure. In spite of many years of 
science teaching in schools and universities we see 
scarcely any sign of the scientific method as applied 
to the great popular problems of economics, politics, 
or sociology. In fact, the nation which was once the 


1 This article is a cursory examination of the objectives of 
the elementary course in general chemistry, together with some 
suggestions as to their possible achievement. 


world’s leader in scientific advance seems now to be the 
stronghold of dogma and self-deception. A reason for 
this is clear. Our elementary science courses do not 
teach the scientific method. The writer does not be- 
lieve he can revolutionize chemistry teaching overnight, 
much less the world, but he does believe that by con- 
scious effort some notion of scientific method can be 
injected into some parts of the elementary chemistry 
course. 

There is another direction in which the elementary 
course is lacking. That is in the direction of moderniza- 
tion. Most of our textbooks represent a patchwork of 
new ideas with scarcely ever a realization that the elec- 
tronic theory of valency has come of age, that chemistry 
is no longer simply a descriptive body of knowledge, 
and that a logical presentation of the subject is almost 
as feasibleasin mechanics or thermodynamics. Modern- 
izing the course in general chemistry does not mean 
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stuffing it with protons, photons, and positrons. It 
means taking the best modern views of general chemical 
phenomena and working them up into a logical system 
for the students’ assimilation. But all this is an old 
story. The problem is, how is it to be done? 

Before examining the objectives of the course it is 
worth while to examine the students and their poten- 
tialities. The students vary widely in intelligence, 
previous training, and interest in chemistry. It is 
possible to pick out the very best and the very worst 
at once, but one cannot establish the median grade 
until near the end of the semester. The students them- 
selves do not know whether or not they want to go on 
in chemistry. Among those who have had high-school 
chemistry the kind of training will vary greatly. But 
high-school chemistry should be, and largely is, the 
art of chemistry. It is suggested that high-school 
science teachers so inform their students. In the uni- 
versity we should proceed to present the science of 
chemistry. 

It is suggested, therefore, that all students be put 
into a first semester of general chemistry, although 
not necessarily all in the same section. The superla- 
tive students may, however, very well be in a position 
to travel at their own speed, and risk. 

At the end of that first semester, which serves in one 
respect as a placement test, the better students and 
chemistry majors might go on to a more thorough 
foundation in solutions, equilibria, and oxidation-reduc- 
tion, with qualitative analysis in the laboratory. The 
non-chemistry majors and every one else getting less 
than a fair grade in the first semester could go on to a 
more general, non-professional survey of chemistry 
not very different from that covered in the second half 
of most textbooks now. The few students who want 
only a brief introduction to chemistry could drop the 
subject at the end of the first semester, and still have a 
fairly comprehensive notion of what chemistry is all 
about. It may be objected that the chemistry majors 
will in this scheme be loaded with theory but light on 
facts. But every teacher knows that the best students 
accumulate facts at a terrific rate and have only to be 
guided toward sound generalization of their knowledge. 

In this way students would have a good opportunity 
to see what chemistry is like before having to determine 
on a major interest. Those not destined to be chem- 
ists would be directed into more suitable fields at once. 
The non-professional students would not have to mas- 
ter, and forget, the thousand and one details necessary 
to the professional chemist. To be sure, such a plan 
demands a high order of instruction in the first semester, 
and a throwing overboard of much that has been taught 
in the past. For the most part, the present discussion 


will center around that first semester. 

The objectives of such a one-semester course in 
general chemistry are, not necessarily in order of im- 
portance, as follows, (1) to push back the student’s 
horizon regarding the ‘‘nature of the physical world,” 
(2) to inculcate the scientific method, although God 
help us if we do that at the expense of all that is spon- 
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taneous, unstudied in the world, and (3) to lay a sound 
foundation in factual and both mental and manual 
technical equipment. 

The attainment of all these objectives can only be 
achieved by a combination of lecture, recitation, or 
discussion, and laboratory work. Generally speaking, 
the first and third objectives will be attained by suit- 
able course content, the second by method of presenta- 
tion. For the moment let us concentrate on course 
content. Almost anyone can say that the elementary 
course should cover the most important features of 
the science. But what are these important features? 
It is necessary to set up criteria, and here lies the first 
difficulty. The writer is inclined to use the following 
yardsticks. 


(1) Is the matter of general significance as regards 
all or at least many chemical phenomena? 

(2) Does the matter touch our everyday experience 
so closely as to arouse natural curiosity, or even so 
closely as to be taken for granted? 

(3) Is the matter essential to understanding what is 
generally discussed in the next courses offered in the 
subject? 

(4) Can the student be expected to understand the 
matter with his present factual and technical (mostly 
arithmetical) equipment? 


With these criteria we can exclude the historical ap- 
proach and the methods of historical interest. Out 
goes the Dulong and Petit Law. The writer would be 
the first to insist on the importance of the history of 
science to science majors, but for an elementary pres- 
entation of the subject, the subject itself is all that 
should be presented. Let those who are interested 
look into the amazing backings and fillings that go on 
in the scientific mind. It took nearly fifty years to 
get from Avogadro to Cannizzaro. Why expect the 
student to do it in two weeks? The historical method 
is not necessarily the scientific method. 

Violence should also be done to the time-honored 
notion that general chemistry and inorganic chemistry 
are synonymous. Many reactions of inorganic chem- 
istry are, of course, of great importance. But in- 
organic chemistry, and by that is meant the properties 
and reactions of non-organic compounds, is a difficult 
subject and often far removed from general significance. 
Furthermore it wanders over all kinds of valence, while 
organic chemistry in general sticks to one kind. In- 
organic chemistry has a definite place in the education 
of chemistry majors, but that place is in the second or 
third year where it may be treated adequately. The 
reaction of hydrogen sulfide and potassium permanga- 
nate may be of interest to someone, but not to the 
elementary student. The union of carbon and oxygen 
is in a very different category. 

What, then, should be included in that first semester? 
In the writer’s judgment the following topics, (1) 
Atomic Theory, (2) Kinetic Molecular Hypothesis, and 
(3) the Periodic Classification. In a semester of fifteen 
weeks the time might be divided into periods of four, 
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five, and six weeks, respectively, treating each topic 
as fully as possible in the time available. 

The last fifteen or twenty years have seen the section 
on atomic structure in most texts work its way from the 
last to the third or fourth chapter in the book. If we 
once agree to abandon the historical (or patchwork) 
approach, there is no reason why students should not 
be told about atoms in the first lecture. Every student 
knows what matter is, as well as Einstein, even though 
the student may not have thought about it so much or 
be able to describe the stuff so well. If we present the 
concept of atoms with certain properties simply as a 
theory, then the whole science of chemistry logically 
follows. We can test the theory at a thousand points, 
elaborating it where necessary to make it fit newly 
discovered facts, modifying it where experiment de- 
mands, or, for that matter, abandoning it, should ex- 
periment ever insist. If there were still considerable 
doubt as to the reality of atoms, we should hesitate to 
take such a bold plunge into theory. But is there a 
scientist who does not believe as firmly in the existence 
of atoms as that the earth is round? 

Using the mass spectrograph for the atomic weights 
we establish at once the sequence of weights relative to 
oxygen. The student need never be confused by the 
notion of isotopes because he need never be told that 
atoms of one element all have the same weight. The 
mass spectrograph, especially the Dempster form, is 
easy for any intelligent person to understand. Surely 
we can understand and use the results even if we are 
not prepared to repeat the determinations ourselves. 
We use litmus paper, but what elementary student 
understands the chemistry involved? From atoms to 
atomic structure is an easy step via a few words about 
radioactivity. Even the concept of energy levels is 
well within the student’s grasp. The idea of atomic 
combinations follows naturally with stress on ions, 
electrovalence, and covalence. One of the great stum- 
bling blocks in chemistry as now taught is that few stu- 
dents get clearly in mind that the word valence does not 
always mean the same thing. From molecules we have 
a strictly logical step to gram atomic and gram molecu- 
lar weights, which make possible direct experimental 
test of the theory as presented. Equations and chemi- 
cal calculations complete the topic, ‘atomic theory.” 

The writer is well aware that there are other excellent 
methods of approaching these same ends. This is done 
particularly well in Schlesinger’s ‘‘General Chemistry,” 
but this textbook is not designed for the student having 
his first introduction to chemistry. 

From “atomic theory” we come very naturally to 
the second main topic, ‘‘Kinetic-Molecular Hypothe- 
sis.’’ Now that we have our atoms and molecules 
resting on a fair inferential basis, are they moving or 
are they standing still? The states of matter, gas 
laws, gas law problems, Gay-Lussac’s Law and Avo- 
gadro’s Hypothesis, energy, and equilibria follow. 
From equilibria we can approach water and its proper- 
ties, the dielectric constant and ionization. By this 
time ions are nothing new to the student. The rela- 
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tionship of ionization to electrical conductivity may be 
thoroughly presented. And of course in this day and 
age one need not write molecular formulas for strong 
electrolytes in solution. 

This brings us to the somewhat vexed question of 
acids, bases, and salts. Many instructors are doubtfyl 
about the Brgnsted definition of acids, bases, and salts, 
and certainly there is not much opportunity to develop 
non-aqueous solvents in the elementary course. How. 
ever, there seems no reason why some of the Brénsted 
definition cannot be used effectively. So far as aque. 
ous solutions are concerned it is especially valuable in 
defining and treating acids and hydrolysis. Rigid 
application of the definition to bases leaves out such 
things as sodium hydroxide and calls them salts. The 
writer would prefer to mention that the primary func. 
tion of a base is to accept a proton, but to keep the 
word base for substances like sodium hydroxide that 
can supply a group capable of accepting a proton, 
There is no reason why the slightly illogical nomencla- 
ture should not be admitted. Such confusion as re- 
sults cannot compare with what would happen if, 
after all these years, we deny that sodium hydroxide is 
abase. After all, so far as it is applicable to elementary 
instruction, the Brgnsted contribution is essentially a 
definition and not a statement of fact or theory. As 
for salts, the writer would like to see them defined as 
compounds held together primarily by electrovalence. 
This is much sounder than the older definition which 
rests upon the definition of an acid. We have many 
substances (the ferrites) which by the old definition 
may be defined as salts only in terms of a hypothetical 
acid. It is convenient to set up a table of proton 
affinities just as we have the electromotive series for 
relative electron affinities. The writer does not know 
of a name for such a table but rather hesitantly sug- 
gests ‘“‘protomotive” series. With the aid of such a 
series the student may readily determine the strong 
acids, strong bases, ampholytes, and probable hydroly- 
sis of salts.? 

Next we come to the periodic classification. The 
writer feels it better to defer discussion of the electro- 
motive series and of reduction and oxidation until the 
presentation of hydrogen and oxygen. A presentation 
of the periodic classification should include arrangement 
of the elements according to atomic number, periodicity 
of properties, and general utility of the table. The re- 
lationship of the periodic classification to electronic 
configuration should not be overlooked. Following 
Fernelius and Robey the writer doubts if much is ac- 
complished by the old definition of metals and non- 
metals. Would it not be better to define a metal as a 
metal, 7. ¢., a state of matter possessing non-electrolytic 
conductivity and metallic luster? Then, to be sure, 
the hydroxides of certain elements found as metals give 
basic reactions, while some of those never found as 


2 Since this article was written (February, 1938) tables of pro- 
ton affinities have come to the author’s attention. Cf. Juza, Z. 
anorg. allgem. Chem., 231, 121 (1937). Certain other statements 
in the present article might also be revised in the light of recent 
publications in the field of chemical education. 
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metals give acid reactions. ‘The definition seems less 
forced than the old one, although the writer must con- 
fess himself not completely convinced. Be that as it 
may, we come now to hydrogen, its properties, and the 
dectromotive series. Students frequently attach far 
too much importance to the electromotive series, and 
are troubled by the fact that hydrogen can displace 
iron, and, if they only knew it, that copper can displace 
hydrogen from hydriodic acid. Important as the elec 
tromotive series may be, the concept of chemical 
equilibrium is far more important. A definite effort 
should be made to point out that the electromotive 
series holds for equal activities of the substances in 
volved. However, it is scarcely necessary to use the 
word ‘‘activity”’ at least in its proper sense. For the 
time being concentration will do just as well. ‘The point 
is that any demonstration of the electromotive series 
affords an excellent opportunity to demonstrate the 
principle of mass action. Of course, there is no need 
to make the demonstration quantitative at this stage. 

The study of oxygen brings us face to face with the 
question of oxidation and reduction. The subject can 
no longer be deferred, and yet it is probably the most 
difficult in the course. ‘To be sure, it is not very difficult 
as commonly taught. But that is because nearly 
all authors side-step the issue. Of course we might 
simply let oxidation go as a ‘‘combination with oxy- 
gen,”’ but if we are going any further at all we should 
not deliberately leave out half the subject. Oxida 
tion is almost invariably defined as a ‘‘loss of elec 
trons.”’ This is true only in the case of ions. In the 
great majority of oxidations there is no loss, only a 
sharing of electrons. ‘Take the oxidation of carbon 
monoxide, where are the lost electrons? In the limit- 
ing case there actually is a loss as in Fe ~ Fett — 
Fet++, but this is not the general case. The difficulty 
lies in the fact that we use the word oxidation to mean 
things that are not very much alike. If 2FeCh + 
Ch — 2FeCl; is oxidation, and CH;0H + O, — CH,0 
+ H,O is oxidation, then is CH, + Cl, — CH;Cl + 
HCl not also oxidation? Oxidation is apparently 
either a loss of electrons or an increased sharing of 
electrons, or, in some cases, merely a displacement of 
electrons. The term ‘displacement’ would cover all 
cases except that the chlorination of methane and a 
host of other reactions would be let in. The easiest 
way out would be to take the word ‘‘oxidation” away 
from the organic chemists unless they consented to use 
it only for loss or increased sharing of electrons. The 
trouble is that they would not agree and would prob- 
ably try to tie the word down to a “‘union with oxygen.” 
How, then, should the subject be presented to the ele- 
mentary class? 

The writer suggests that oxidation be defined as a 
displacement of electrons away from the atom oxidized, 
while reduction is the reverse. A broad definition is 
imperative if we are to avoid outraging the student’s 
sense of logic. Now, of course, it is not to be antici- 
pated that every type of oxidation and reduction re- 
ceive exhaustive treatment in the elementary course. 
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Commonly we emphasize the extreme case where elec 
trons are lost entirely, we glance at the oxidation of 
sulfur dioxide and try to make ourselves believe that 
the sulfur loses electrons in going over to sulfur trioxide, 
and finally we ignore the fact that our old definition 
does not cover the oxidation of most organic com 
pounds. The treatment need not be changed, but the 
definition must. 

Principles of metallurgy and the general production 
of elements in the free state follow naturally after 
oxidation and reduction. May the writer say that 
he does not think it the mark of an educated man that 
he be able to balance an oxidation-reduction equation 
by the electron or any other method? ‘That is a tech. 
nical detail which may well be reserved for the chemistry 
major. 

The remainder of the course may be spent on de- 
scriptive chemistry of the more important elements 
with special reference to their places in the periodic 
table. Involved technological processes, such as the 
lead chamber process, or the Solvay process, have no 
place in elementary chemistry, nor has the reaction of 
sodium iodide with sulfuric acid, or the thio salts of 
arsenic. With all due respect to our chemical fore- 
fathers, there are more important things to discuss. 
Chlorine and its relationship to other halogens, sulfur, 
nitrogen, phosphorus, carbon and silicon are the most 
important elements so far as chemistry is concerned. 
To be sure, iron is of utmost importance, but one can 
teach all the really significant chemistry of iron in ten 
minutes, preferably by use of a good motion picture 
illustrating the manufacture of iron and steel. 

The writer is inclined to devote one lecture each to 
chlorine and to sulfur, one to nitrogen, one to other 
Group V elements, one to the composition of the atmos- 
phere, one lecture to carbon and silicon inorganic 
chemistry, and two lectures to the organic chemistry 
of carbon. These need no elaboration except the 
organic part. The first essential is that we never 
erect a barrier between inorganic and organic chem- 
istries. One might introduce the subject of organic 
chemistry by some such disarming sentence as, “‘Car- 
bon also forms a number of hydrides, of which CH, is 
an example.” All that should be attempted in this 
direction is the structural formulas of hydrocarbons, 
alcohols, aldehydes, ketones, acids, esters, ethers, and 
amines. However, organic chemistry is such a fasci- 
nating study, and students take such an extraordinary 
interest in it that one should not deny them a bird’s- 
eye view of that fairyland of carbohydrates, proteins, 
vitamins, and hormones. 

This brings us to the end of the subject matter of 
that one-semester course in general chemistry. How- 
ever, inculcation of the ‘scientific method’’ depends not 
on course-content, but on approach. In the first place 
what is the ‘‘scientific method?” And after it is de- 
fined, can we be sure that science really uses it in mak- 
ing advances? The writer does not know. Dalton 
had the atomic theory before he observed the law of 
multiple proportions, a direct reversal of what would 
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make a beautiful illustration of ‘‘scientific method” 
in action, at least so far as the ordinary definition is 
concerned. For our purposes it is suggested that we 
remember the non-chemistry majors in the class and 
define the scientific method, with Schlesinger, as (1) 
observation, (2) reflection, and (3) taking considered 
action, The considered action may be toward verifica- 
tion of a hypothesis, or to attain a desired practical 
end. In general, development of the proper attitude 
may be fostered by non-dogmatic presentation, by 
insisting on the frequent necessity for suspended judg- 
ment, and by written exercises designed to relate 
multiple observations by inductive thinking to general 
principles. Needless to say, the writer regards facility 
in working problems as of fundamental importance 
in any serious development of the subject. 

But the best place to develop ‘‘scientific method”’ is 
not in the lecture room, but in the'laboratory, and as 
laboratory work is conducted at present, that is about 
the last place in which to find it. With few exceptions 
the laboratory manuals in use in our universities show 
that no consideration whatever has been given to 
“scientific method.’ Almost all are concerned with 
illustration of the subject matter, and development of 
technic. The writer feels that this state of affairs 
comes about, not from any misconception of the ob- 
jectives of laboratory work, but simply from laziness, 
because design of experiment for development of 
“scientific method’’ is by no means easy. One of the 
best laboratory texts is that of Schlesinger and Link, 
and the authors will testify that writing it was no easy 
task. Foster and Alyea also achieve the desired re- 
sult, in spite of their declared emphasis on manipula- 
tive skill and principles. In many universities the 
students have six hours of laboratory work in the ele- 
mentary course. The only objective actually achieved 
is that of manual technic which is the minor objective 
desired. Because of the difficulty in designing good 
experiments and the minor desirability of teaching 
technic, the writer is strongly in favor of limiting the 
laboratory to three hours per week for all students until 
they indicate a desire to major in chemistry or some 
closely allied subject. It is not desired to enter into a 
discussion of the relative merits of laboratory versus 
demonstration methods, but six hours of laboratory 
work per week seems to defeat even its own end, which 
is not the most desirable end of laboratory work. The 
writer regards the objectives of the elementary labora- 
tory as follows, (1) scientific method, (2) reality of 
matter, (3) illustration of lecture material, and (4) 
technic. The relative importance of the objectives is 
as given. Of course, in the more advanced work, 
technic properly advances to first position. 

It is interesting that, as in the case of lecture work, 
“scientific method’’ is to be achieved by the form 
rather than by the content of the experiments per- 
formed. Therefore we are at liberty to adopt experi- 
ments which will achieve our minor objectives, pro- 
vided we adapt them to our primary objective. ‘‘IIlus- 
tration of subject matter’’ and ‘‘reality of matter” 
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are easy to achieve—almost any laboratory manual 
does it. As for ‘‘technic,”’ all we want is enough 
technic to be able to perform the experiments assigned, 
and to be able to go into the second course not “lj 
thumbs.”’ Familiarity with such instruments as the 
balance, thermometer, and barometer, and a modest 
skill in glass working are all that should be required, 
No especial difficulty will be found in choosing ex. 
periments, therefore, to achieve the three minor ob. 
jectives. 

Adapting the experiments so as to achieve the 
primary objective calls for a high degree of introspec. 
tion, and putting oneself in the student's place. The 
writer attempts this as follows. 

First, a statement of the purpose of the experiment, 
followed by strict limitation of the work to that one 
experiment. The experiment must have an end, and 
for that reason the liberal use of unknowns is very de- 
sirable. The writer has no use for laboratory manuals 
that presume to illustrate, say, the chemistry of phos- 
phorus by innumerable unrelated test-tube experi- 
ments followed by directions to record what one sees 
and to write the equation (which may be found on page 
so-and-so in the text). The student should be able 
to do the experiment, or, better, solve the problem, with 
the mental and manual equipment already at his dis- 
posal. He should not have to rely on instructor or 
text for information needed to a complete under- 
standing of the problem. He should go, like a re- 
search worker, with a certain amount of knowledge, 
and he should ask of and receive from nature an ex- 
tension of that knowledge. The only difference be- 
tween the student and the research worker should be 
that the student's knowledge is as yet meager, and he 
must be directed into simple and easily soluble prob- 
lems, kept away from dead-ends for the time being 
at least. Everyone who has had laboratory experience 
knows that students take delight in unknowns, while 
they may be bored to tears by being asked to obtain 
data already available in more accurate form in the 
text. For collateral reading, the reader is referred to 
H. G. Wells’s “Experiment in Autobiography.”’ 

However, in view of the acknowledged difficulty in 
adapting experiments to the desired form, one wonders 
if the general practice of having more or less unrelated 
experiments for every class meeting should not be 
abandoned. Just as we may clutter up an experiment 
with too much manipulative detail, may we not 
clutter it up with too much ‘“‘cerebrative’’ detail? 
Perhaps we ask too much in suggesting that the 
student go through the mental operations of observa- 
tion, reflection, generalization, and perhaps of con- 
firmatory observation, all in three hours. The alterna- 
tive is to use the project method. Just as the class- 
room work is here divided into three main topics, we 
might divide the laboratory work into about three 
simple research projects. The first could deal with 
combining weights, atomic weights, and percentage 
composition. The second might cover gas laws and 
the various ramifications of the kinetic theory. The 
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third could involve some preparations. Each project, 
however, would have a definite end and in the several 

riods devoted to each project there would be ample 
time for accumulation of observations upon which to 
gneralize, and to conduct such confirmatory experi- 
ments as might suggest themselves after a good night’s 
est. The writer has not examined this idea in detail. 
it would appear to offer great attractiveness to the 
superior student, but might result in complete failure 
for the mediocre. 

There remains only to discuss this proposed program 
in its relation to more advanced work. ‘The writer 
does not want anyone to think he is trying to advise 
the nation’s institutions of higher learning how to 
teach chemistry. The conclusions reached have par- 
ticular reference to the problems at Northwestern. 
As mentioned at the beginning of this article, the 
writer believes that at the end of a semester of general 
chemistry the curriculum should be divided so as to 
provide a semester of fundamental work in equilibria, 
glutions, and so forth, with qualitative analysis in the 
laboratory, and a semester of advanced general chem- 
istry to provide a view of the whole subject including 
its important practical ramifications. ‘The ‘‘funda- 
mental’ course should be open to all students obtaining 
better than a fair passing mark in the first semester. 
This will automatically include all chemistry majors 
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and some other pre-professional groups. The ‘‘cul- 
tural’ course should be open to all other students who 
pass the first semester, Presumably this latter group 
will take no more chemistry, but should they develop 
ability and desire to go on, at least one door should be 
open to them. ‘The writer suggests that the first 
semester of the second year be given to quantitative 
analysis without any dilution with the kind of physical 
chemistry common now in many schools, Surely the 
ability to analyze quantitatively is fundamental to 
professional work in any branch of chemistry. Such 
physical chemistry as is not directly linked to quantita 
tive analysis is far better left until the student has the 
mathematical equipment to handle it properly. As 
inorganic chemistry is to a considerable extent a 
natural prerequisite to organic chemistry, it is sug 
gested that the second semester in the sophomore year 
be devoted to straight inorganic chemistry. At this 
point the subject can be taught thoroughly, and it in 
no way receives the distorted emphasis usual in the 
more elementary texts. There is no reason why sus 
tained laboratory interest cannot also be achieved. 
Anyone who thinks there are no stimulating, interest- 
ing experiments in inorganic chemistry has a sterile 
imagination. From this point the student should be 
well equipped to go on to year courses in organic and 
in physical chemistry together with the usual options. 





CHEMISTRY and the 








COLETTE CORBETT 


Within the past few years scientific studies have been 
pursued by a greater percentage of students than has 
formerly been noted. Because women possess many of 
the necessary natural abilities for laboratory work there 
has been a demand for women with background and train- 
ing in science. One field in which they particularly excel 
is that of medical laboratory technician. 

Since the human body is a complex biochemical entity, 
chemistry plays an important role in diagnosis, study, and 
treatment of disease. Some of the apparatus that is com- 
monly used in this type of work includes the colorimeters 
(both the block comparator and the depth types), the 
viscosimeter, and the Van Slyke apparatus for gas analy- 
sis. Examples of substances commonly analyzed in the 
clinical laboratory including skeleton outlines of the 
principles utilized are enumerated. Some examples are 
the preservation and preparation of the sample, deter- 
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mination of total non-protein nitrogen, of urea, creatinine, 
and uric acid; of glucose, cholesterol, and total proteins. 
The applications of chemistry are illustrated in functional 
tests, tolerance tests, and determinations of elements such 
as phosphorus, magnesium, calcium, iron, bromine, chlo- 
rine, and hydrochloric acid in gastric contents with double 
indicator used in titration. 

Colloid chemistry is represented, since the gold number 
determination is the principle of the Lange test of spinal 
fluid. An example of a more recent application of 
chemistry to medicine and a corresponding test to aid 
in its successful use is that of sulfonilamide. Another phase 
of clinical laboratory work that requires chemical skill is 
bacteriological work. Since almost every procedure 1s of a 


chemical nature, the position of laboratory technician 
offers immeasurable opportunity for the woman chemist. 




















ITHIN the last few years, the percentage of 

students selecting the physical and natural 

sciences as major fields of endeavor has been 
steadily increasing. This increase has been noted 
among women students as well as men. 

At one time women hesitated to enter laboratory 
work since other studies and occupations held a greater 
appeal to their esthetic sense, but they have since 
realized that woman’s natural attributes of patience, 
attention to detail, accuracy, and deft manipulation of 
materials are valuable contributions to laboratory work. 
However, these qualities have not been generally recog- 
nized by employers, since a woman chemist often en- 
counters absolute hostility, or what is worse, an amused 
condescension. Practically the only fields in which she 
is tolerated are in foods, in analytical and nutritional 
studies, and in medical laboratories as a technician. 

The work of a laboratory technician is coming to be 
looked upon as a woman’s job and more than four- 
fifths of such positions are held by women. The late 
Dr. William H. Welch of Johns Hopkins University 
stated that the increasing demand for women well 
trained in the natural or physical sciences as tech- 
nicians and special workers is far in excess of the supply 
(1). 

The chemical training of the laboratory technician 
is very important, not only for itself, but for develop- 
ing proficiency in laboratory procedures in general. 
Some technicians have learned the simpler routine 
analysis without the benefit of a formal scientific back- 
ground, but it is generally conceded that the work 
carried on in a laboratory is of uniformly higher caliber 
if the technicians have bachelor’s degrees in chemistry, 
supplemented by some courses in the biological sciences. 

Within a comparatively recent period, the chemical 
laboratory has become a valuable adjunct to the 
physician, whether he is engaged in research or in prac- 
tice. The diagnosis depends upon the combined in- 
formation obtained from the case history, the physical 
examination, and the laboratory reports (2). 

The reason for this is that the physical signs and 
symptoms are external manifestations of intracellular 
or extracellular biochemical activity, and both the 
internist and the surgeon consider the biochemical 
viewpoint as much as the medical or surgical. ‘The 
solution of many disease problems is tackled from the 
biochemical angle’’ (3). In studying the value of 
healing agents for burns the efficacy of the treatment 
may be gaged by analysis of the healed tissue for cal- 
cium deposits. In dentistry, the cause of tooth decay 
is considered in the light of the chemical composition 
of the enamel and dentine and the interaction of an 
acid saliva with the teeth. 

Man’s body is considered as a biochemical entity 
since it is an organization of atoms and a microcosm 
of molecules. During life the body is in constant 
activity composing and decomposing, secreting, and 
transforming matter with every breath and every act. 
The sum total of these chemical changes is termed 
metabolism, which is brought about by interdependent 
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and concerted action of the component cells. Deyig. 
tions from the normal metabolism of cells results jy 
illness or in death according to the extent to which 
these disturbances have progressed. Since the cells 
are composed of numerous molecules of various chemi. 
cal combinations and contain water, salt, minerals 
alcohol, glycerin, fat, starch, albumin, amino acids 
pigments, aromatic substances, and so forth, these 
metabolic disturbances may be due to alterations in the 
relative positions of component molecules of the cel] 
brought about by some unknown cause from within 
the cell, or by the metabolic products elaborated by 
invading bacteria. These alterations in relative posi- 
tions of the chemical substances may be of an electrical 
nature, since, if the molecules are disturbed, the 
number of electrons of component atoms might be in- 
creased or decreased because the atom is composed ofa 
central nucleus carrying one or more positive electrical 
charges with a variable number of negative charges 
(electrons) traveling about the nucleus, and these are 
capable of lending or borrowing to keep up this balance 
(4). 

In order to maintain health it seems that the cells 
must maintain specific chemical equilibria and disease 
consists in an alteration of this balance. Some of these 
chemical changes may be determined qualitatively or 
quantitatively in the laboratory (5). 

Definite concentrations of various elements are re- 
quired to maintain specific functions. For instance, 
the “minimum amount of calcium required daily to 
maintain calcium equilibrium and stability of the 
nervous system is 0.4-1.5 grains and that calcium de- 
ficiency causes tetany, decay of teeth, poor healing of 
wounds, interference with blood coagulation, hemo- 
philia, and a predisposition to tuberculosis while an 
excess results in muscular hypotonia, impaired renal 
function, an increase in viscosity, and coagulability of 
the blood and acidosis’ (6). It is also commonly 
known that the iodine balance in the body is a con- 
tributing factor in the personality and well-being of an 
individual. It has been pointed out that we are pro- 
tected from disease in many cases by chemical defenses 
within the body, such as the hydrochloric acid secre- 
tions of the stomach and oily secretions of the skin 
which set up barriers against bacterial invasion. Dr. 
H. Gideon Wells of the University of Chicago claims 
that the attack of invading bacteria is of a chemical 
nature and the defense by the leucocytes of the blood 
and the migratory cells of the tissues is a chemical 
defense. Since there is no physical connection, leuco- 
cytes communicate with the invaded area by chemical 
means through the body fluids. The bacteria are 
then engulfed by the leucocytes because the surface 
tension of the latter is lowered by the action of the 
metabolic products formed by the bacteria (7). Just 
as we consider physical and colloidal chemistry as 
related fields, the processes of immunity are essentially 
chemical processes (8). From this evidence it is not 
surprising that chemical analysis is used to a great 
extent in clinical laboratories. 
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Devig. In the laboratory, the development of the micro- 
sults in HF chemical technic of analysis has been of great value in 
to which @ conserving time, reagents, and last, but not least, the 
the cells # amount of sample needed for various determinations. 

















































S Chem. § The use of colorimetric determinations has also pro- 
ninerals  yided a short cut. There are two types in general use; 
© acids, @ one is the block comparator which is usually employed 
n, these Wf in pH determinations of blood and culture media. 
1s in the # The unknown, with indicator added, is placed in one 
the cel) § hole in the block and a tube containing water in back of 
| Within @ jt, On each side of the unknown are placed the color 
ated by @ standards of known pH with the unknown fluid in 
ve posi- @ front of them. The block is held to the light source, 
ectrical § and the color standard most nearly corresponding to the 
d, the # unknown with indicator added is obviously the pH of 
t be in- # the unknown. Either buffered or unbuffered solutions 
ed ofa ff may be used in the standards, depending upon the indi- 
ectrical J cator that is used. 

charges The second type of colorimeter is better adapted to 
ese are Mf various colorimetric determinations such as cholesterol 
alance @ and hemoglobin. In this method, a sample of known 

concentration is treated with the same reagents as the 
€ cells @ unknown, in order to obtain a standard for comparison. 
lisease J The two samples are placed in an instrument that is so 
these J arranged that one-half the field in the eyepiece gives 
ely or @ the color of the standard and the other half the color 
of the unknown. The depth of the measuring device 

re re- @ in the solutions is adjusted by means of a micrometer 
ance, @ screw, which is read at the beginning and again at the 
ly to @ end of a determination when the tint in both halves of 
' the Jf the eyepiece appears uniform. 

n de- The calculation and principle is based upon Beer’s 
ng of #@ law, which states that light in passing through a colored 
emo- @ medium is absorbed in direct proportion to the con- 
e all @ centration of colored substance. Thus the intensity of 
renal the observed color is directly proportional to the con- 
yof @ centration of the pigment in solution and inversely 
only @ proportional to the depth of the observed layer. 

ye Stated mathematically 

- C, (concentration) _ Re (depth) 

ses C2 (concentration) R, (depth) 

ws Therefore, knowing the concentration of one solution 

Dr. and the depths of each solution, we can solve for the 

sae concentration of the other. Volume factors and dilu- 





tion factors can be introduced into this equation in 
order that the concentrations can be expressed in the 


proper units such as mg. per 100 cc. (9). 
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si It is quite probable that within a short time the 
he electrophotometer will be used in colorimetric analysis, 
st since it removes the subjective element in matching 
e of tints and has greater sensitivity. 

y The viscosimeter is another important laboratory 





tool used in analyzing fluids. It is used to measure the 
internal friction of a solution by observing the time 
tequired for it to flow from one meniscus in a bulb to a 
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second meniscus. This is a measure of the relative 
viscosity as compared with water or some other con- 
venient fluid. Clinically it can be used to measure the 
viscosity of blood which is dependent upon the number 
of erythrocytes present. It is important in the study 
of blood pressure. 

In many determinations the Van Slyke methods and 
apparatus are utilized, especially in gas analysis such 
as the determination of ammonia, carbon dioxide, and 
oxygen in blood or any compound which will release 
or absorb a gas when treated with the proper reagent. 

Methods of gas concentration analysis are of two 
types—the volumetric which measures differences in 
volume and the manometric which measures differences 
in pressure. The latter type is considered more effi- 
cient since the error in reading barometric pressure is 
less than in reading volume, calculation is less complex 
since vapor tension and capillary attraction of mercury 
can be neglected; small samples may be used and 
accuracy is attainable over a wide range of gas concen- 
trations (10). The solution to be analyzed is placed 
in a chamber over mercury and reagents added to re- 
lease the desired gas from combination. The stopcock 
is closed and the leveling bulb lowered to form a 
vacuum, and the extraction of the gas is assisted by two 
or three minutes’ shaking by a mechanical shaker oper- 
ated by a small electric motor. The volume is then 
reduced to the original volume by readmitting the 
mercury, and the resultant pressure is read from the 
open arm manometer that is attached. The gases 
are either ejected or absorbed, depending upon the 
reagents used, and the second pressure is read with the 
same gas volume. The partial pressure of the gas at 
that volume is then the difference between the initial 
and final pressures observed. A thermometer records 
any changes in temperature and the gas volume at 
standard conditions can be calculated, and from these 
data the concentration can be expressed in the proper 
units. This method is used extensively in measuring 
the oxygen and carbon dioxide content and capacity of 
blood. 

Chemical analysis in medicine falls principally into 
three or four groups—gastric, urine, blood analysis, and 
functional tests. 

Methods in chemical analysis of blood differ in ex- 
pense of materials, complexity of the necessary appara- 
tus, time required for performance of the tests, and 
preparation of the necessary reagents. The degree of 
accuracy required is the single criterion in selection 
of a method. In large hospitals where multiple de- 
terminations are necessary certain methods are more 
adaptable. In occasional clinical determinations some 
of the less accurate but simpler routines may be per- 
missible (11). 

The laboratory findings contribute to the under- 
standing of disease in two ways, first, by indicating 
sources of infection by the discovery of harmful bac- 
teria in body fluids, and second, by measuring physi- 
cal and chemical deviations from the normal by qualita- 
tive and quantitative analysis of fluids and tissues. 
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Functional and tolerance tests are utilized to measure 
the relative efficiency of the various organs, 

The following are some of the applications of chemis 
try to blood analysis and are but skeleton outlines 
stating the principle used rather than the procedure. 
Just as interfering ions are removed in systematic 
qualitative analysis total proteins of the blood are 
precipitated by tungstic acid (72) (formed by the in 
teraction of sodium tungstate and sulfuric acid) and 
filtration, The filtrate contains the constituents of the 
blood determined by this system, Some use the pre 
cipitate for the cholesterol and lipoid phosphorous de 
termination, 

Samples of blood are protected from bacterial de 
composition by the addition of toluene and xylene, 
and coagulation is prevented by addition of oxalate 
or of citrate. Gas concentrations are kept stable by 
keeping the samples under an oil layer until analyzed. 

From a portion of the filtrate non-protein nitrogen 
is determined by a micro Kjeldahl method using sul 
furic acid and phosphoric acid as digestion mixture. 
The ammonia produced is distilled into standard acid 
and titrated using micro burets (/3). Non-protein 
nitrogen of blood includes the nitrogen present in urea, 
uric acid, creatinine, ammonia, amino acids, and other 
substances. The normal amount of non-protein nitro 
gen in blood is twenty-five to thirty-five milligrams 
per hundred cubic centimeters. Higher values indicate 
pathological conditions such as nephritis. 

Urea determinations are quite important since they 
cover a relatively wide range of variations in diseases 
of the kidney, They are considered reliable for clinical 
purposes since they are made with a definitely known 
compound and not a mixture. The usual procedure is 
to hydrolyze the urea to ammonium carbonate by 
means of the enzyme urease in the presence of a buffer 
solution which maintains a constant pH in the mixture 
(/4). The ammonia is distilled off and determined 
colorimetrically after treatment with Nessler's solution 
(mercury bichloride, potassium iodide, and potassium 
hydroxide). Blood urea may also be determined by 
the Van Slyke manometric analysis. High blood 
urea values are found in cases of lead poisoning, mer 
cury bichloride poisoning, as well as in impaired renal 
function cases, 

Creatinine determinations are also important in 
diseases of the kidney. The normal amount is one to 
two milligrams per hundred centimeters. A_ blood 
filtrate portion is treated with an alkaline picrate solu- 
tion, and the color that develops is compared with a 
standard in the colorimeter (75). 

Uric acid determinations are made by observing the 
blue color produced by the reducing action of uric acid 
upon phosphotungstic acid reagent (J6). The action 
of 8-naphthol-quinone-sulfonic acid and alkali upon 
amino acids provides another colorimetric test. 

For glucose estimation, the protein-free blood filtrate 
is heated with alkaline copper solution. The cuprous 
oxide formed is titrated with iodine. 

The micro method for blood sugar consists in oxidiz- 
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ing the sugar with alkaline potassium ferricyanide anq 
the ferrocyanide produced is converted to Prussian bly 
and measured colorimetrically (17). 

Cholesterol is another chemical compound that jg 
well adapted to colorimetric determinations. It j 
extracted from whole blood with chloroform, treated 
with acetic anhydride and sulfuric acid and the char. 
acteristic emerald-green color that develops is compared 
in the colorimeter with a freshly prepared standard a 
the same temperature. Cholesterol determinations haye 
been used in basal metabolism tests of children in cases 
where the usual respiration analyses have failed to give 
dependable results. 

Total proteins present in serum (these include al. 
bumin and globulin) are determined colorimetrically 
or by use of the refractometer. To judge the efficiency 
of the liver the icteric index is used. ‘This is a compari. 
son of the yellow tint of blood serum with a standard 
dilution series of potassium dichromate solutions (18), 

Chlorides are determined in both blood and urine 
according to the same principle. It is the standard 
method for quantitative estimation of chloride in any 
substance since the chlorides are precipitated by means 
of silver nitrate in the presence of nitric acid, and the 
excess of silver titrated with standard thiocyanate 
solution with ferric ammonium sulfate used as indicator 
(19). 

For inorganic phosphate and total acid-soluble phos- 
phorus the protein is precipitated with trichloroacetic 
acid, and the filtrate is treated with molybdic sulfuric 
acid reagent forming phosphomolybdate. Stannous 
chloride is then added to reduce the phosphomolybdate 
to colloidal reduced oxides of molybdenum producing a 
blue color (20) which is compared in the colorimeter, 
In adults normal inorganic P is 3.7 milligrams per 
hundred cubic centimeters. It is found in the lecithin 
in the blood and is concerned with the healing of bones 
and carbohydrate metabolism. 

Calcium is another element of importance in bone 
structure (27), It is precipitated from serum by the 
oxalate and the latter is titrated against potassium 
permanganate. 

Sodium is also found in the blood as it plays an 
important part in the acid-base balance of the blood. 
It is precipitated as the pyroantimonate, and the anti- 
mony in the precipitate is titrated with iodine (22). 

Since iron is related to the oxygen-combining power 
of the blood it is important in blood chemistry. It is 
detached from the hemoglobin molecule by sulfuric 
acid in the presence of potassium persulfate. After 
the removal of proteins by tungstic acid the iron is de- 
termined in the filtrate by the thiocyanate reaction 
(23). 

Blood chemistry is important, since it affords valu- 
able diagnostic information. Urine findings are al- 
ways dependent in part, at least, on the function of the 
kidneys and therefore do not necessarily represent the 
true conditions existing in the blood. By blood chem- 
istry we can pass behind the barrier of the kidney 
(24). 
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ae Functional and tolerance tests are also used exten- 
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ively. Functional tests for the liver and kidneys are 
made by injecting dyes (derivatives of phenolphthalein) 
into the blood stream and by a series of analyses for the 
intensity of the color of the excreted dye within certain 
time limits. A curve may be plotted which will indi- 
cate any deviation from normal functioning. Toler- 
ance tests are somewhat analogous. In the case of 
sugar a certain amount is ingested by the patient, and 
the blood is analyzed at successive time intervals. 
The concentration plotted against time will give char- 
acteristic curves indicating the relative efficiency of 
the organs in utilizing the carbohydrate. 

Many of the tests for routine urine analysis are 
qualitative and the simpler ring tests are utilized. 
One ring test commonly used is the test for albumin in 
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tant d which a centrifuged specimen is placed in a test-tube 
and Robert’s reagent (kieserite and nitric acid) is 
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added and a white ring forms at the level of contact 
between the two liquids. A rough estimate of the 
amount of albumin present is indicated on reports by 



















| an a “one plus” or ‘‘two plus” according to the definiteness 
nd the of the ring observed. ne ; ; ; 
yanate Benedict s and Fehling’s solutions are used in quali- 
dicator @ (tive analysis for glucose; both methods can be modi- 
fied to give a quantitative estimate if necessary. 

» phos. Acetone and diacetic acid determinations are also 
vacetic made in urine analysis. Bromine and iodine deter- 
ulfuric  Minations are made by releasing from combination by 
nnous @ Sulfuric acid or nitric acid and observing their colors 
date g #8 they dissolve in a chloroform layer. Bile pigments 
cinga A also determined qualitatively. She 

meter, The most common phase of gastric analysis is the 
Sper determination of total and combined acids by titration 
cithin @ 4gainst standard sodium hydroxide using double in- 





dicator. The free acid is determined first using di- 
methylaminoazobenzene. At the endpoint (orange) 
phenolphthalein is added and the titration is continued 
to determine the total acid present. From the pre- 
ceding data, the combined acid can be calculated. 
Colloid chemistry is used in clinical analysis for 
testing the spinal fluid. In certain nervous disorders 
of bacterial origin, the organism causes changes in the 





bones 





bone 
y the 
sium 







S an 
lood. 




















anti- 
wer 
It (1) BARNARD, “Women microbe hunters,” Independent Woman, 
‘uric 4, 379 (Dec., 1936). 
fter (2) RownTrREE, in “Chemistry in medicine,” The Chemical 
d Foundation Inc., New York City, 1929, pp. 417-44. 
(3) Levitan, ‘“‘Biochemistry—the basis of medicine,’ Medical 
tion Record, 143, 12, 510-12 (June 17, 1936). 

(4) Levitan, ibid. 
| (5) ROWNTREE, op. cit., p. 418. 
alu (6) Leviran, op. Cit., p. BLL. 
al- (7) WELLS, in “Chemistry i in medicine,’ The Chemical Founda- 
the tion Inc., New York City, 1929, p. 562. 

(8) WELLS, ibid., p. 565. 
the (9) Hawk AND BERGEmM, “Practical physiological chemistry,” 
m- 10th edition, P. Blakiston’s Son and Co. Inc., Philadel- 
1eV phia, Penna., 1931, pp. 403-4. 





(10) HAwk AND BERGE, tbid., P. 514. 
(11) Hawk AND BERGEIM, ibid., p. 400-1. 
(12) Forin AND Wu, J. Biol. Chae. 38, 81 (1919). 










LITERATURE CITED 





475 








composition of the spinal fluid (25). A colloid is usually 
precipitated by the addition of a salt, but if there is 
something present to protect the colloidal gold from 
being reached by the salt, it will require a larger concen- 
tration of the salt to precipitate the colloid. The spinal 
fluid is placed in successive dilutions in 1 cc. of sodium 
chloride and the red colloidal gold solution added. 
The concentration of salt and the amount of spinal 
fluid which allows the colloidal gold to be precipitated 
(indicated by a color change from red to blue) is an 
indication of the protective power of the spinal fluid 
and hence an index to the extent to which the fluid has 
been changed from the normal. ‘This test is known as 
the gold number and the Lange test (26). 

The routine in medical chemistry is by no means 
inflexible and many determinations have alternate 
procedures most of which can be modified to adapt 
them to particular cases. 

The technician is not doomed to ordinary routine 
determinations but must keep abreast of the newer 
developments in medical chemistry. With the advent 
of new therapeutic agents corresponding methods of 
analysis must be devised for them. For example, the 
doses of the new p-aminobenzenesulfonamide (sulfanil- 
amide) that seem to be specific for bacterial infections 
especially the streptococci, must be carefully watched 
to obtain the best results. Its concentration in the 
blood is estimated by precipitating whole blood with p- 
toluenesulfonic acid and adding sodium nitrite and 
dimethyl-a-naphthylamine. A red color is developed 
which can be compared in the colorimeter with a 
standard of known concentration. This is one of 
many possible examples of adjustment to new situa- 
tions. 

Chemical procedures are also applicable to bacterio- 
logical work in preparation of stains, culture media, 
buffered solutions, and pH determinations. While 
this brief survey does not offer new information to 
those already engaged in this type of work, it may be of 
assistance in broadening the horizon of opportunity for 
the woman chemist who desires a profession that is al- 
ways vitally interesting, and worthy of the skill she 
commands. 
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I, INTRODUCTION 


The Two Laws of Thermodynamics and the Un- 
compensated Heat.—-The purpose of the present paper 
is to call to the attention of teachers of physical chem- 
istry and of chemical thermodynamics that a simple, 
convincing, and entirely general way of establishing 
the various criteria for irreversible changes, equilib- 
rium, and stability can be based upon the concept of 
uncompensated heat, which originated with Clausius 
and was systematically applied to chemical thermo- 
dynamics by De Donder. In fact, all the particular 
criteria reduce to a single general one which states that 
the uncompensated heat can never be negative in a 
natural process. A complete exposition of the theory 
of chemical thermodynamics based upon the use of 
uncompensated heat, degree of advancement of the 
reaction, and affinity was recently published by De 
Donder and the present author (1). In this paper 
we shall consider closed systems, 1. ¢., systems whose 
total masses stay constant in the course of time. No 
quantities of matter are added from, or removed to the 
surroundings. Changes of composition occur only 
through chemical reactions (homogeneous or hetero- 
geneous, changes of state). Moreover, thermal and 
mechanical equilibrium prevail throughout the system. 
In other words, temperature and pressure are uni- 
form. We shall assume that all thermodynamic func- 
tions, including entropy and free energy, are defined 
for all instantaneous states of the system, regardless 
of the degree of irreversibility of the transformation 
undergone by the system. These precautions being 
taken, the two laws of thermodynamics can be for- 
mulated as follows. 

The first law of thermodynamics is written as fol- 
lows, for an infinitesimal change in the state of the 
system, 


dE = dQ —dW (1) 


in which dE represents the increase of the energy of the 
system during the lapse of time dt; dQ is the amount 
of heat (thermal energy) received by the system; dW 
is the work done by the system on its surroundings. 


For many of the systems dealt with in ordinary physical 
chemistry dW is simply the work done against the ex- 
ternal pressure P and we have 


dW = PdV (2) 


in which dV is the increase of the volume of the system 
corresponding to the infinitesimal change of state. 
The second law of thermodynamics is written as follows, 


TdS = dQ + dQ’ with dQ’ 2 0 (3) 


in which 7 is the absolute temperature, dS the increase 
of the entropy of the system, dQ the heat received by 
the system, dQ’ the uncompensated heat corresponding 
to the infinitesimal change of state. This uncompen- 











FIGURE 1 


sated heat dQ’ is positive for all real irreversible changes. 
It vanishes when the change is reversible. A justifica- 
tion for the name uncompensated heat given to dQ’ is the 
following. 

Consider a finite irreversible change AB. We have, 
from (3), 


S asTdS = Qas + Q'as with Q’an > 0 (4) 


If the system can be made to come back from B to A 
through the same succession of states we have 
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S paTdS = Qba + QO'na with O'na > O (5) 





Adding (4) and (5) we get 


S apaTdS = Qapa + Q'apa with Q’apa > O 





(6) 
put the integral /°4,,7dS is equal to zero, since the 
areas Jan] dS and f'paTdS (see Figure 1) are equal in 
absolute value but have opposite signs. From (6) we 
get 








(7) 


but —Qava is the total heat evolved along ABA. 
This heat evolved is thus seen to be equal to the total 
uncompensated heat. On account of the irreversibility 


Q'apa = ~Qapa > 0 









































FIGURE 2 






there is lack of compensation between the heat effects 
along AB and BA, and Q,, is different from —Qp,,. 
If both AB and BA were reversible, we would have 









(8) 


An example of an irreversible transformation to which 
formulas (4) to (7) apply is the expansion of a gas fol- 
lowed by its compression in a cylinder provided with a 
piston exerting friction on the walls of the cylinder. 
If the piston is perfectly frictionless, the transformation 
can be regarded as reversible and the equalities (8) 
apply. The pressure is, of course, assumed to be 
uniform throughout the volume of the gas. 

Another important property of Q’ is its connec- 
tion with the work done by irreversible cycles. Let 
us first consider an isothermal cycle. We have (see 
Figure 2) 


Qap = —Qsa, Qasa = 0, Q’an = Q’na = Q'aza = 0 
















TS apadS = Qasa + Q’asa = 0 (9) 
But, according to (1) 
Q=SfdE+W=0+W=W (10) 





The integral of dE, like that of dS, is equal to zero, 
since both £ and S are functions of state. From (9) 
and (10) we deduce 







(11) 


which shows that an isothermal cycle cannot be made 
todo work. This is one of the many ways of stating 
the second law of thermodynamics. For a non-iso- 
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thermal cycle one easily finds from the foregoing equa- 
tions 
W = 


Q = fTdS — Q’ (12) 


For a reversible cycle consisting of the same succes- 
sion of states as the irreversible cycle under considera- 
tion we have 

W, = Q, = f{TdS (13) 
Subtracting (12) from (13) we get 


(14) 


since Q’ is now zero. 

W,-W=0,-0=0'>0 
The work done by a reversible cycle is larger than that 
done by an irreversible cycle consisting of the same 
succession of states, the difference being equal to the 
total uncompensated heat of the irreversible cycle. 







II, CRITERIA FOR IRREVERSIBLE CHANGES 





Returning to (3) we have 
dQ’ = TdS — dQ 2 0 


(15) 


This formula can be regarded as the fundamental cri- 
terion of irreversible change and also, when the equality 
sign holds, that of reversible change and equilibrium. 
The opposite inequality 
TdS — 


dQ <0 (16) 


would correspond to an unnatural process. 


Particular Forms of the Fundamental Criterion 


1. The system is thermally insulated, and no heat is 
received from, or given up to the surroundings. All 
possible transformations are adiabatic, dQ = 0 and 


dQ’ = TdS > 0 (17) 
Since 7 is positive, we also have 
dS 2 0 (18) 


This is Clausius’ celebrated criterion, which he applied 
to the universe as a whole. (‘‘Die Energie der Welt 
ist constant. Die Entropie der Welt strebt einem 
Maximum zu.”’) 

2. If the system is made to keep its entropy con- 
stant we have dS = 0 and 


(19) 


The criterion of irreversible change is that heat be 
liberated. 

3. At the absolute zero we would always have 
TdS = 0 and hence 


dQ’ = -dQ>0 
as in (19). 
4. Combining (1) and (3) we get 
dE = TdS — dW — dQ’ (20) 
or also 
dQ’ = —dE + TdS — dW 2 0 (21) 
For S constant and dW equal to zero we have 
dQ’ = -dE > 0 (22) 
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The criterion of irreversible change is that the energy E 
should decrease. If dW = PdV, (22) holds when S 
and V are constant. For £ constant and dW = 0 
(for instance, V constant when dW = PdV) we have 


dQ’ = TdS 2? OordS ? 0 (23) 


as in (17) and (18). For E and S constant, 
dQ’ = -dW >0 (24) 
In particular, fordW = PdV, 

dQ’ = —PdV > 0 (25) 
The pressure P being always positive, we also have 

av <0 (26) 

5. Introducing the heat content! 

H=E+PV 


we deduce from (20) 

dH = TdS — dW + d (PV) — dQ’ (28) 
We shall only consider here the case dW = PdV. We 
get from (28) 


dQ’ = —dH + TdS + VdP 2 0 (29) 


For S and P constant 


dQ’ = —dH > 0 (30) 


For H and P constant 


dQ’ = TdS 2? OordS 2 0 


as in (17), (18), and (23). 
For H and S constant 
dQ’ = VdP > 


(31) 


(32) 


or, since V is positive, 


dP 2 0 (33) 


6. Introducing the maximum work or free energy of 
Helmholtz 


A=E-TS (34) 


we get from (20) 
dA = —SdT — dW — dQ’ 
whether dW = PdV or not. We also have 
dQ’ = —dA — SdT — dW 


(35) 


(36) 
For 7 constant 
dQ’ = —dA —dW20 (37) 
If the change is reversible dQ’ = 0 and 
dW, = —dA (38) 
If the change is irreversible dQ’ > 0 and 
dW = —dA — dQ’< -dA 
Formulas (38) and (39) show that the maximum work 
done in a change of state corresponding to a change dA 


(39) 


1In this paper we use the Lewis-Randall notations (2) for 
the thermodynamic potentials, E, H, A, and F. Elsewhere (1) 
we have used the symbols E, H, F, G. 
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in the function A is the reversible work, which is pre- 
cisely equal to —dA. The irreversible work is smaller 
than —dA by an amount equal to the uncompensated 
heat. These properties are a justification for the 
name maximum work given to the function A. 

For A and T constant we get from (36) 


dQ’ = —dW > 0 (40) 
In particular, fordW = PdV, 
dQ’! = —PdV 2 0ordV <0 (41) 
For A constant and dW = 0 (for instance V constant 
when dW = PdV) we have 
dQ’ = —SdT 2? 0DordT S$ 0 (42) 
since entropy can always be assumed to be positive, 
For 7 constant anddW = 0 we have 
dQ’ = —dA > 0 (43) 
7. Introducing the free energy 
Fe E-—-TS+ PV 
we get from (20) 
dF = —SdT — dW + d(PV) — dQ’ 
or also 
dQ’ = —dF — SdT — (dW — PdV) + VdP 2 0 
For T and P constant 
dQ’ = —dF — (dW — PdV) > 0 
If the change is reversible dQ’ = 0 and 
dW, — PdV = —dF 
If the change is irreversible dQ’ > 0 and 
dW — PdV = —dF — dQ’ <, —dF (49) 
The difference dW — PdV between the total work done 
by the system and that done against the external pres- 
sure may be regarded as the useful work. It is seen to 
be equal to —dF when the change is reversible. It is 
smaller than —dF by an amount equal to the uncom- 


pensated heat when the change is irreversible. When 
dW reduces to Pd V we have, instead of (46), 


dQ’ = —dF — SdT + VdP 2 0 (50) 
Instead of (47), for T and P constant, 
dQ’ = -dF >0 (51) 
Instead of (48), for reversible changes, 
dQ’ = —dF =0 (52) 
For F and T constant and dW = PdV, (50) gives 
dQ’ = VdP 2? 0ordP 2? 0 (53) 
For F and P constant and dW = PdV, (50) gives 
dQ’ = —SdT 2 OordT < 0 (54) 
III. CRITERIA OF EQUILIBRIUM AND OF STABILITY 


A state of equilibrium is one from which no changes 
can take place spontaneously. The uncompensated 
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Ch is pre. heat corresponding to fictitious or virtual changes 
is smaller from an equilibrium state should then be negative, as 
ipensated @ indicated in (16). The system,’ when on its way to- 

yard equilibrium, undergoes changes with dQ’ > 0; 





for the 
. at equilibrium we have dQ’ < 0. To emphasize the 
difference between these virtual changes from equilib- 
rium and the real, natural changes considered above, 
we shall use the variation sign 6 for the former, instead 
of the d used for the latter. For the sake of clarity 
let us rewrite in a table formulas (21), (29), (36), (50) 
for the case when 5W = P6V and with equality and 
inequality signs corresponding to equilibrium. 






(40) 







(41) 
onstant 










lent conditions listed by Guggenheim (5). 





6Q’ = —5E + T&S — PiV S$ 0 





(55) 


(42) 
rositive 80’ = —8H + T8S + VsP <0 (56) 
6Q’ = —5A — SiT — PSV <0 (57) 
(43) 8Q’ = —8F — SiT + ViP < 0 (58) 
These four conditions are particular cases of the general 
80’ = TSS — 60 < 0 (59) 
(45) Formula (55) shows that for stable equilibrium at given 
Sand V, £ is a minimum or 
(5E)sv = 0 (8E)sy 2 0 (60) 
) (46 
* at given V and #, S is a maximum or 
(S)ve = 0 (8S)vz <0 (61) 
47 
se at given E and S, V is a minimum or 
(6V)zes = 0 (8V)zs 2 0 (62) 
(48) 
Formula (57) shows that for stable equilibrium, at given 
Sand P, 1 is a minimum or 
(49) (sHsp = 0 (8*H)sp > 0 (63) 
done at given P and H, S is a maximum or 
oe (6S)pn = 0 (8*S)pn < 0 (64) 
It is at given H7 and S, P is a maximum or 
— (6P)us = 0 (6*P)us S 0 (65) 
Vhen 
Formula (58) shows that for stable equilibrium, at 
(50 given T and V, A is a minimum or 
(5A)rv = 0 (68A)rv 2 0 (66) 
(61) at given V and A, 7 is a minimum or 
(6T)va = 0 (8T)va 2 0 (67) 
(52) at given A and 7, V is a minimum or 
(6V)ar = 0 (8V)ar 2 0 (68) 
Formula (59) shows that, for stable equilibrium, at 
(58) : . re 
given JT and P, Fis a minimum or 
+4) (6F)rp = 0 (8F)rp 2 0 (69) 
at given P and F, T is a minimum or 
(6T)pry = 0 (5°T)pr 2 O (70) 
eS at given F and 7, P is a maximum or 
" (6P)rr = 0 (8P)rr < 0 (71) 
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Formulas (60) to (71) correspond to the twelve equiva- 


Finally, formula (60) shows that for stable equilib- 
rium, with 6Q = 0, S is a maximum or 


(5S)adiabatic = 0 (8*S)adiadatic S O (72) 
for 6S = 0, the change should be such that 
(6Q)s = 0 (8°Q)s > -» (5*Q), > 0 (73) 


It must be noted that in this latter case Q is not a 
function of state; 5Q and 6?Q are taken along a particu- 
lar virtual transformation. 

The criteria established and discussed by Gibbs (3) at 
the beginning of his great paper, ‘On the Equilibrium 
of Heterogeneous Substances,” refer to systems ‘‘iso- 
lated from all external influences,” 7. e., for which dW 
is equal to zero. For such systems we have, according 
to (1) and (3) 

dE = dQ = TdS — dQ’ (74) 






dQ’ = TdS - dE 2 0 (75) 


as a criterion for irreversible (and reversible) change. 
The system is in equilibrium for a given £ if 


6Q’ = T6S < 0 (76) 
or 
(6S)z S 0 (77) 
The system is in equilibrium for a given S if 
8Q’ = —8E < 0 (78) 
or 
(3E)s 2 0 (79) 


We have 6W = 0, for instance, when 6W = PéiV = Oor 
5V = 0. Criteria (77) and (79) correspond then to 
our criteria (60) and (61). 

The foregoing derivations of the various criteria 
for irreversible and reversible changes, equilibrium 
and stability are, we believe, clearer and more straight- 
forward than those usually given in textbooks. They 
emphasize the fundamental part played in thermody- 
namics by the uncompensated heat. Elaborate treat- 
ments of these criteria, such as that due to Milne (4), 
although often interesting, seem rather superfluous. 


IV. CRITERIA FOR EQUILIBRIUM AND STABILITY EX- 
PRESSED IN TERMS OF THE CHEMICAL VARIABLE 


When a system undergoes one single chemical 
reaction, its state at any time during the reaction is de- 
fined by three independent variables which include two 
‘‘physical variables” such as S, V; S, P; T, V; T, P, 
and a ‘chemical variable’ ¢ such that (1, 6) 


ee. eee ani ON a (80) 
yy V2 Ve 
in which dm, dm, .......... , dn, are the increases in 
the numbers of moles of components 1, 2, .......... é 


BUG eas Peete siacd ciekaties vy. are the stoichiometric coef- 
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J 
ficients as they appear in the reaction (negative for 
reactants, positive for products). 

Among the various criteria for equilibrium and stabil- 
ity established above let us consider those correspond- 
ing, respectively, to S, V constant (60); S, P constant 
(63); 7, V constant (66); 7, P constant (69). These 
criteria can now be written as follows. 

For S, V constant: 


(3) =0 (S 
of / sv of ae 
For S, P constant 
(2) =0 (33) : 
Of J sp 7 Of J sp 
For 7, V constant 
9 a 9) 
OF J ry OF J ry 
For 7, P constant 


(3) = 0 (3) : 
o& J rp OF J rp 


It can be shown that (/, 6) 
(sf) : =) i ee) _ (2) _ dQ’ | 
OF J s\ ae Of J sp ' 0 J rh x OE / rp dt “? 


in which A is the affinity of the system, and that the 
general criterion for irreversible change can be written 


dQ’ = Adt > 0 (86) 


(85) 


' dé 
or also in terms of the reaction velocity v = rT 
( 


The general criterion of equilibrium is then 
A=0 (88) 


and that of stability, at 7, P constant for instance, 
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(3 = ow <0 
0& J TP of? a . (89) 


It has been shown (1) that any state of an ideal homo. 
geneous system is such that 


OA o?F 
(3 ” (a), ale (90) 


and, hence, that states of equilibrium of such systems 
are necessarily stable. For heterogeneous systems 
consisting of pure phases the affinity is independent 
of the chemical variable when the physical variables 
are 7’ and P, and we have 


eo. 2) «0 
OE J rp OF Jp (91) 


We believe that this method of approach to the 
fundamentals of chemical thermodynamics is more 
straightforward and more ‘‘teachable’’ than those in 
use at present. The adoption of some features of our 
method in Zemansky’s recent book (7) is, from our 
point of view, an encouraging sign. 


V. SUMMARY 


|. The two laws of thermodynamics are recalled, 
the second one being expressed in terms of the uncom- 
pensated heat. The significance of this quantity and 
its connection with the work of irreversible cycles is dis- 
cussed. 

2. All the particular criteria for irreversible changes 
are derived from the fundamental one which states 
that in no natural process can the uncompensated heat 
be negative. 

3. The corresponding criteria of equilibrium and 
stability are established. Special attention is paid to 
Gibbs’ criteria. 

4. The chemical variable is defined and used in 
establishing new and convenient forms for the criteria of 
equilibrium and stability. The general definition of af- 
finity is recalled. 
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PITTSBURGH RESEARCH GRANT 


Dr. Alexander Silverman, Head of the Department of Chemistry 
in the University of Pittsburgh, announces the continuation of 
the biochemistry research project which has been subsidized by 
the Buhl Foundation of Pittsburgh. The personnel for 1939-40 
are: Max O. Schultze (Ph.D., Wisconsin), senior fellow; Her- 
bert E. Longenecker (Ph.D., Pennsylvania State College), senior 
fellow; Theodore H. Clarke (Ph.D., University of Pittsburgh), 
senior fellow; Rade R. Musulin (Ph.D., University of Pitts- 
burgh) senior fellow to September Ist; Carl V. Smythe (Ph.D., 
University of California), senior fellow reporting September Ist; 
C. J. Harrer (B.S., University of Pittsburgh), research assistant; 


George W. Jack (B.S., Grove City College), research assistant; 
Mary L. Dodds (M.S., University of Pittsburgh), research assist- 
ant. The grant covers researches on animal nutrition, tissue res- 
piration, and molecular structure. Dr. C. G. King, professor of 
biochemistry in the University of Pittsburgh, is directing professor 
and Dr. Gebhard Stegeman, professor of physical chemistry, is 
associate director. Coéperative studies will be made with the 
Departments of Physics and Biology, and with the School of 
Medicine of the University of Pittsburgh. The total sum avail- 
able for the entire project is $60,000. 
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Our institution is located thirty miles from the city 
which owns it, and is really in the country. To say 
that it is an eight hundred forty bed hospital does not 
describe it, for the sanatorium comprises a vast array 
of buildings scattered over twelve hundred acres. There 
has always been and probably always will be consider- 
able maintenance work for the chemist, inasmuch as the 
water supply is chlorinated, the hot water undergoes a 
softening process, there is a brine refrigeration system 
in the main chain of buildings, there are the laundry, 
painters’, carpenters’, electricians’ and blacksmith’s 
shops, the kitchens and the bakery, the pasteurizing 
plant, the garage, the farm, the sewage disposal system, 
the experimental animal quarters, and so on. In such 
an isolated community many emergencies arise in which 
the laboratory is called on for help. To make it harder, 
supplies can only be ordered four times a year. 

The jobs the author has worked on make a ludicrous 
list, from analyzing axle grease to refilling steam radia- 
tor diaphragms (I hope that was not illegal—but the 
city was broke at the time and could not afford new 
ones). The laundry may ask what to do when a whole 
batch has come out pink because a nurse left her lip- 
stick in her uniform pocket. The painter has no 
mahogany stain; what can we fix up that he can use 
for repairs to a desk? The rats are eating up all the 
guinea-pigs’ oats; will I fix up some of that good 
cheese rat poison? Will I bring some large sterile 
bottles and go on a tour with the engineer to collect 
samples of raw sewage and filter bed effluent from two 
other municipal institutions in the vicinity? (They 
laid tar paper down first in a certain filter bed and—not 
very surprisingly—the efficiency of that bed is variable.) 

You may be wondering when we will get around to 
work on tuberculosis. This is a question that has fre- 
quently puzzled the author. Well, with eight hundred 
forty beds, all full, with a waiting list, there is a large 
amount of biochemical routine work to be done. The 
usual clinical, and some surgical, facilities are provided, 


ie 
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and since the institution has no pharmacist, the prepara- 
tion of much material falls on the laboratory, and that 
of special solutions on the chemist. In general, the 
biochemical tests run on tuberculosis patients deal 
with other matters than tuberculosis and cover the 
same aspects of disease as biochemical work in a general 
hospital, even to following the effect of sulfanilamide 
therapy in streptococcus and pneumococcus infections. 

Until my camera wore out, I was called on for photog- 
raphy of the most varied subjects—clinically interesting 
aspects of patients, pathological specimens, experi- 
mental animals, charts, bacterial cultures, apparatus, 
and so forth. At present our equipment permits only 
photomicrography. One of the most time-consuming 
assignments, although interesting for the photographic 
problems it presented, was a series of several dozens of 
pictures of interiors and exteriors of buildings and of 
equipment in many parts of the institution, showing 
things badly in need of repair or replacement. These 
pictures were used to illustrate a plea for additional 
funds from the city fathers, and the plea was partially 
successful; one favorable result was the repainting 
of the chemistry laboratory itself, covering the old dark 
mahogany-stained cupboards and woodwork with 
glistening white, and thus improving the illumination 
very agreeably. 

Until very recently, the chemist was expected to 
handle all the foregoing work alone and, moreover, 
carry out laudable biochemical research in tubercu- 
losis. Lately, however, the laboratory staff has been 
somewhat reorganized and certain routine jobs as- 
signed to others. 

Tuberculosis occupies a unique position, in the very 
wide study it has been given for many years. Since 
the bacillus or mycobacterium causing the infection 
was discovered: by Koch in 1882, many and varied 
chemical investigations have been carried out along 
whatever line, in the light of current knowledge, seemed 
likely to prove fruitful. Much was known of the 
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disease before the causative organism was discovered, 
and the literature of a century ago contains some strik- 
ingly interesting observations. A great deal of the 
chemistry of tuberculosis has been learned, but un- 
fortunately very little of that is of any direct use to the 
infected individual. 

One outstanding annoyance to biochemists occupied 
with research in tuberculosis arises from the painfully 
slow growth of the cultures one must work on—-so that 
one has to wait two months to get the amount of ma- 
terial which many other kinds of bacteria produce 
overnight. The progress one makes is thus necessarily 
of slow-motion variety. 

Because so many extensive chemical studies have 
already been made, and all aspects of the disease have 
received at least some attention, the development of an 
original research program in such a field is not simple. 
On the other hand, in spite of what has so far been done, 
there is the challenging feeling that the really vital 
facts are still to be dug out. 

We are fortunate in having as director of our labora- 
tory a pathologist whose observations in tuberculosis 
are made with a care which should delight the sages of 
old. As a happy result of his curiosity, we are pro- 
vided with really exciting questions to answer, many of 
which lead to fascinating chemical research. 

For example, in order to explain a pigmentation 
observed under several conditions, it was necessary to 
consider the types of pigment which might be involved, 
decide on a likely one, and then cast about for the 
possible mechanism of its formation under the cir- 
cumstances permissible. This led to a consideration 
of a certain group of enzymes, and then to the actual 
search for a particular member of the group—and the 
author found that the tubercle bacillus produces a 
polyphenolase of the catechol oxidase type. (Until a 
few years ago, I was unwilling to believe that there 
really were enzymes, and felt that physical chemistry 
could explain it all. Retribution was swift! I now 
concede that the enzyme is mightier than the chemist; 
but the chemist is somewhat more durable, if less power- 
ful.) Although enzymes of this type have been re- 
ported in tissues of vegetable and lower animal orders 
for more than forty years, the actual significance of 
their presence is only now receiving belated attention. 
It appears increasingly probable that they are impor- 
tant factors in a variety of biochemical transformations. 

One aspect of this kind of work which rarely receives 
mention, but which requires much extra time and care, 
is the need for using sterile apparatus from start to 
finish. When you consider how hard it is in regular 
chemical work to foresee a/] the kinds of glassware and 
how much of each kind you are going to need, when 
you don’t know what chemical action is going to occur 
or how much unintended experimentation will ensue— 
you can imagine how difficult it is to provide everything 
you can possibly need in sterile form and keep it un- 
contaminated. There is no awful moment in ordinary 
chemistry like the sudden desperate need of a sterile 
funnel and sterile filter paper. 
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Frequently it is just as important not to contami. 
nate your person with your working materials as it is to 
keep the materials themselves sterile. Besides the 
danger of direct infection there is the occurrence of 
sensitization to bacterial components, so that manipula. 
tion of materials in themselves quite non-infectious 
may still be vastly uncomfortable and even put one to 
bed. You may smell, see, taste, or touch no material 
outside the container yet find yourself the victim of a 
violent reaction! 

Another obstacle to work in a laboratory situated in 
the woods, as ours is, is the contamination of material 
by mold growths. Molds attack not only the culture 
media and a surprising number of pure chemical solu- 
tions, but construction materials of cloth and leather, 
such as those in book bindings, framed charts, type- 
writer cases, camera bellows, even moist spots on work 
benches. The author covered everything with a coat- 
ing of shellac saturated with thymol, so that perusal 
of the reference books is now accompanied by a whole- 
some emanation, if not inspiration. Very few buffer 
solutions can be kept long after preparation, although 
the component solutions can be kept and mixed as 
needed. 

Since various simple phenolic substrates for the type 
of enzyme whose presence was suspected in the tubercle 
bacillus, were already on hand in the laboratory, it 
did not require a great deal of time to establish the 
existence of the enzyme by qualitative tests, yielding 
colored oxidation products. Quantitative studies, how- 
ever, required the measurement of oxygen absorption 
during the enzyme-catalyzed oxidation of the phenols, 
and since the institution’s funds did not permit any 
special expenditures for such a necessary luxury as a 
Warburg-Barcroft apparatus, the author had to design 
and make the equipment herself. An ancient buret of a 
type no longer on the market served as a starter and a 
trial hookup with mercury reservoir and reaction flask 
showed that the idea was practical. After that a set 
of ten outfits were made up on as similar lines as sup- 
plies permitted. This involved a good deal of glass 
working. (I have never regretted the time spent or the 
skin lost in a course of glassblowing taken after hours 
during a very hot spring quarter.) There is really no 
thrill quite like that of setting up wholly new experi- 
ments, in apparatus of one’s own design and manu- 
facture, and collecting extensive data therefrom which 
can go into the always-satisfying graph. 

In studying the action of a particular and substrate- 
specific enzyme, it is not always necessary or even de- 
sirable to work with the isolated enzyme in pure form. 
An enzyme may be more stable in the presence of other 
proteins. It may perform its function more efficiently 
in the presence of added protein. At present it is im- 
portant to know the significance of this particular 
enzyme in the development of the tubercle bacillus 
and in the infected body. Since it is diffusible, studies 
have been made not only on masses of bacteria them- 
selves, but also on bacterial culture filtrates, and on 
extracts from crumbs of bacteria. Thermostability 
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in the presence of other tuberculo-proteins, and pre- 
cipitability by protein reagents were established. 
Methylene blue was found not to serve as hydrogen 
acceptor in this type of enzyme-catalyzed oxidation, 
free oxygen apparently being needed for the occurrence 
of the reaction. During some of the quantitative 
studies of oxygen absorption it was discovered that a 


















certain popular buffer, much used in this type of work, 
itself undergoes photodecomposition. Thus while 
working on a complex problem in biochemistry one may 
be thrown right back into ‘“‘pure” chemistry. 

There is much more than etymology involved in the 
fact that the farther one delves into ‘pathological 
chemistry” the more organic chemistry is involved. 








During his junior year at The Ohio State University, 
Mr. Mateja left the campus to enter the army at the start 
of the World War. He was promoted to the Army War 
College for special military intelligence service in the ca- 
pacity of liaison officer and chief of a subsection in the 
Military Morale Branch. It was then that he became 
aware of the fascination of personal contact. With the 
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Wherever business is transacted today, we cannot 
escape the fact that the chemist plays a much larger 
part than is generally credited him. 

To go back but a few years it is easy to visualize 
substantial businesses fabricating their products by 
rule of thumb and hoping for the best. More often 
than not, the best results were far from encouraging, 
but they functioned in this manner until the chemist 
stepped into the picture. 

The alert executive began to sense this new aid, 
solicited the chemist’s help, and began to learn that 
wonders could be accomplished at great savings of 
time and money. So it is at the present writing—the 
chemist making things possible and usable that were 
considered fanciful and fantastic but a short time ago. 

Chemical control and research began to demand more 
and better apparatus and reagents, and the chemist 
naturally went to the scientific apparatus manufac- 
turer and distributor with his problems. As a result 
of this collaboration with the manufacturer, equipment 
of greater precision and durability is available today to 
the entire field of chemistry and at less cost. 

Before the World War much of our finished equip- 
ment was imported from Europe as this was, generally 
speaking, the principal source. With our entry into 
the war these sources of supply were closed to us and 
the industry was consequently faced with a problem 
common to many others also—that of designing and 
manufacturing its own scientific equipment and chemi- 
cals. 

The laboratory supply house that was carefully 
managed and had visionary executives realized this 
state of affairs only too well and was anxious to serve 
its buyers with good merchandise without delay. 






























XXXV. THE CHEMIST IN SALES 


EDWIN C. MATEJA 


++ 





rank of Captain at the close of the war he returned to the 
university where he completed requirements for graduation 
in the department of chemistry. 

For a short time Mr. Mateja was chief chemist in a 
packing house laboratory. In 1923 he entered technical 


sales work and since 1933 he has been associated with 


E. H. Sargent & Company. 
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It is a long story of research, development, and un- 
tiring perseverence that follows. The story of fine 
glassware developed by domestic manufacturers and 
the splendid porcelain made by Coors would make 
interesting chapters and would read like fiction. 

The fact remains, however, that the scientist began 
to get the type of equipment he wanted because of the 
untiring codperation of the chemist, physicist, manu- 
facturer, and distributor. The manufacturer and dis- 
tributor, which in this case would be the laboratory 
supply house, had to ascertain the needs of its customers 
and to enquire about their wants. 

What type of contacts would serve best? Contacts 
by mail? Perhaps, but this method would be slow and 
sometimes awkward. Contacts by catalog? Yes, but 
what to list in this catalog? Then why not personal 
contacts? It seems that the chemist salesman came 
into the picture in some such manner. At any rate he 
is here and, likely, here to stay as there seems to be a 
growing demand for his services. 

What must this chemist salesman do to justify his 
presence in this highly developed field? First, as is 
natural in all lines of business endeavor, he must sell 
apparatus and reagents to the chemist, metallurgist, 
and biologist. In selling to these men he must first 
have a good understanding of their methods of operation 
so that the purchaser may buy intelligently and 
economically. If he purchases intelligently it stands to 
reason that the salesman approached him with an ade- 
quate understanding of his problem, and it follows that 
both parties have made prudent investments. 

When additional purchases are made it almost al- 
ways follows that the business goes to the same sales- 
man who satisfactorily handled the order previously. 
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What type of trained man should approach and sell 
to chemists? It is quite obvious that a chemically 
trained man would be the logical choice and also one 
who had had some practical experience in industry so 
that he may be, so to speak, on both sides of the table 
when a sale is being made. 

The “drummer” of thirty years ago is gone, never to 
return, and in his place stands the man who knows how 
the product is fabricated and what to do if anything 
goes wrong with it. The chemist salesman, therefore, 
is an integral part of any exacting and growing business. 
He should be able to carry himself with ease, converse 
with the chemist, teacher, purchasing agent, plant 
superintendent, or general manager, and be a valuable 
liaison man with the home office. 

A number of years ago I met a gentleman through a 
former professor of mine; it happened just at a time 
when he needed a particular piece of apparatus in order 
to finish a thesis on which he was engaged. ‘Time was 
an important factor in this problem and meant much to 
him. After giving me an idea and a sketch of what he 
needed, I went to our glass-blowing shop the following 
day and had the items made and mailed them to him 
that same day. Later they proved to be ‘“‘lifesavers.” 
They enabled him to finish his work in the allotted time. 
Shortly afterward, he became the head of the chemistry 
department of a well-known college, and gave me an 
order for a complete new laboratory that was being 
installed at the time. Since then he has purchased 
many thousands of dollars’ worth of equipment from 
my company, and I am honored to know him as one of 
my best friends. 

The E. H. Sargent & Company has sales chemists in 
the principal areas of the country and is constantly on 
the alert for ways to make good equipment better or to 
make better apparatus for less money, so that the 
scientist may have more effective equipment at his 
disposal without incurring too much expense. 

Other sales chemists are located at the central office 
such as the chemist in charge of the central control 
laboratory. The duty of the chemists in the technical 
service department is to pass on all ideas for new design 
or changes in the specifications and improvement of 
some piece of equipment now in common use. Upon 
completion, the new design is given severe tests to 
ascertain its durability and precision under actual con- 
ditions after which, if necessary, it may go to the sales 
chemist who arranges for further trial in a number of 
selected laboratories in his territory. The apparatus 
is now ready for the market and is finally checked by 
the technical service department and manufacturing 
shops and the selling price determined. 

The technical service director may likewise be classed 
as a sales chemist, for it is also his duty to be in con- 
stant touch with the men in the field and to collaborate 
with them on problems concerning the uses and ad- 
vantages of apparatus. 

Therefore, it is easy to see that the sales chemist is 
in a large measure responsible for a purchaser’s good 
will and respect. 
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The sales chemist in the laboratory apparatus field 
makes a variety of contacts with chemists in such jn. 
dustries as the steel mill, chemical works, dairy, paint, 
varnish, and lacquer factories, hospitals, police stations, 
breweries and distilleries, water and sewage plants, 
brass, aluminum and iron foundries, petroleum re- 
fineries, rubber, glass, and carbon plants, to mention 
only afew. In addition there are colleges, universities, 
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and special training schools that add further variety to 
this very interesting business. 

The large industrial plants have, as we all know, the 
central purchasing department that issues all orders. 
The Purchasing Agent or his assistant upon receiving 
the sales chemist may ask, ‘‘What’s on your mind to- 
day?” To him, asa rule, one cannot stress the impor- 
tance of hydrogen-ion control or why he should pur- 
chase a polariscope or electrometric titration assembly. 





\TION 


s field 
ch in. 
paint, 
tions, 
lants, 
n re- 
ntion 
‘ities, 





OcrOBER, 1939 


He is interested in buying the best possible material 
with the minimum of money and without the sacrifice 
of time. He knows the needs of the laboratory, and it 
isup to him to fill them. 

He may ask, ‘““‘When may I expect delivery? Will 
this instrument work’ under our plant conditions? 
Is this made according to the latest A. S. T. M. speci 
feations? Why does the chemist need a set of certi 
fed weights when the same thing uncertified can be 
purchased for much less money?’’—-and so on. 

The chemist and purchasing agent are important 
men in any organization, and both must be satisfied 
when scientific apparatus is furnished them. To hold 
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their confidence requires tact. Without it the sales 
chemist is lost. Without tact he is very much more of a 
liability than an asset. 

It is unnecessary to dwell upon the fact that one must 
be well informed. This is obvious in any line of en- 
deavor. 

However, I know many brilliant chemists who could 
no more be salesmen than maneuver a submarine. 
Why? They have not accustomed themselves to 
meeting people, are not good listeners, and cannot put 
themselves in the other fellow’s place. Yet, as gentle- 
men and chemists they have my admiration. 

By being well informed, I mean that one must know 
certain fundamentals of as many branches of chemical 
industry as possible, whether it be biology, petroleum 
refining, steel laboratory practice, or rubber testing. 
Therefore, any student who feels that he may like sales 
work should have a good chemical foundation and later 
should get some industrial experience. One never 
knows when or where a position may be found, and 
one should, therefore, have a fair idea of the general 
scope of chemical development in American manufac- 
ture. 

The chemically trained salesman is by no means 
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confined to the scientific laboratory apparatus business 
or anything closely allied with it. It would be difficult 


for me to imagine any important industry today where 
the sales representative with a chemical background 
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could not work rings around one lacking this training. 
Let me cite a few instances that have come to my at- 
tention. 

In the midst of the depression, I was in the office of 
the purchasing agent of a large paint and varnish con- 
cern, when his telephone rang. On completion of his 
conversation, he turned to me and said, ‘“‘He’s in again!” 

He then went on to explain that their star salesman 
would be at the plant shortly to check and inspect a 
large order that he had obtained a few days before. 
This was really a handsome piece of business and had 
been obtained in the face of tremendous competition 
because of his thorough knowledge of the product as a 
chemist. He had the correct answers to technical 
questions at a time when they meant most. 

A classmate of mine some years ago had a big problem 
on his hands that threatened the very life of his organiza- 
tion. His position was that of assistant superintendent 
and outside technical service man when the occasion 
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demanded. His organization had been awarded a 
large state contract embracing carloads of material 
that was of no value except for one specific purpose. 
When the first batch was put into use, it was found that 
it would not work properly and a cancellation of the 
contract was at once threatened. 

Immediately on receiving word of the difficulty he 
hurriedly left for the state capital and found great agita- 
tion against his product. After the excitement had 
subsided he set about to prove that the specifications 
had been met and that nothing was wrong with the 
product. 

With the entire staff he went to the laboratory and 
made the analysis himself, explaining as he went on, 
how the material should be applied to obtain the 
proper results. 

The difficulty was overcome that very day, much to 
everyone’s satisfaction. He did in one day what might 
have taken a long time to rectify, which might have in- 
cluded unfavorable publicity, threat of lawsuit, or 
even temporary closing of his plant, any of which are 
serious threats to any company’s reputation. 

At times interesting compliments come one’s way. 
A number of years ago I was calling at one of our large 
midwest universities and was talking with one of the 
professors who was working in his laboratory. He 
turned to me and said, “Maybe you can give me some 
information on this problem which seems to stump me 
every time I get this far. In fact it has puzzled me for 
a number of years!’’ 

I told him that the compliment was deeply appre- 
ciated and that I felt that I could qualify as his assistant 
were I able to so easily settle a problem of such mag- 
nitude. We both had a good laugh about it. It was 
pointed out to him that another man had been doing 
similar work at another university and would no doubt 
be glad to exchange correspondence on the subject. 
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This gentleman was very grateful for the information 
and did write as had been suggested, and later he told 
me that a fine friendship was the result of their prob- 
lem. 

Generally speaking, I am of the opinion that the 
typical salesman would not fit*into a picture of this 
kind, as his training should be along the same lines as 
that of the clientele on which he calls. He should be 
able to converse in the same language and talk on terms 
of equality—or nearly so, at least. 

To state that the sales chemist in the laboratory 
apparatus business is in a most interesting and fascinat- 
ing field would be to state a very obvious fact. | 
feel that the people met in this line of endeavor represent 
the highest type of American business and are the most 
highly trained and intelligent persons approached by 
any sales representative. 

It is quite universally predicted that this year will 
be a salesman’s year. A nationally known speaker has 
said that for the first time in the history of American 
business, the salesman occupies the best position to 
revive those who are depressed by the events of the 
past few years. 

The salesman, he states, has a nation with the finest 
market, the most money, the greatest eagerness to buy 
of any on earth, and a nation where the poorest selling 
job of all time has been done. Our people have been 
the greatest buyers on earth, but, conversely, very poor 
sellers. The astounding thing of it is that seventy 
per cent. of the the goods sold by salesmen is sold by 
twenty per cent. of them. Think of it! This nation 
has a great desire to buy and salesmen are being wel- 
comed more and more as buying counselors. What a 
splendid position for the sales chemist! He not only 
can do a bigger and better selling job, but he will be 

more and more sought when more intelligent selling is 
to be done. 








T IS fitting that we should discuss ‘““New Products 
I of the Rubber Industry,”’ for, as you know, we re- 
cently celebrated the one hundredth anniversary of 
Charles Goodyear’s famous discovery that rubber 
mixed with sulfur would undergo a change in physical 
state on heating. 


Goodyear’s invention, which was later termed 


“vulcanization,’’ was indeed the foundation upon which 
the rubber industry has been built. 


Thus it was that 
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rubber which had been known for more than two 
hundred years suddenly became a raw material having 
broad prospects for commercial utility. That Goodyear 
foresaw some of this commercial development is evi- 
denced by a circular printed in 1844 which outlined his 
original estimates of the possible adaptations of rubber 
as a result of his discovery. The circular listed about 
one hundred different uses. 

Some indication of the immediate importance of 
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vulcanization is given by the figures on the annual 
production of rubber. Before 1839 the maximum 
output was about ten thousand tons per year. Twenty 
years later production had increased to thirty thousand 
tons. In 1900 world production had risen to fifty-four 
thousand tons. The greatest expansion in the rubber 
industry came with the development of the automobile. 
By 1912 over one hundred thousand tons of rubber were 
produced. In 1920 world production had increased to 
three hundred forty-three thousand tons. In 1937 nearly 
one million two hundred thousand tons of crude rubber 
were consumed by rubber manufacturers throughout the 
world. Figures for 1938 are not yet available, but it 
is safe to say they will exceed one million tons. These 
figures are for raw or crude rubber. With the amount 
of reclaimed rubber and the pigments, fillers, and other 
materials added, the total annual tonnage of rubber 
products now manufactured might reach two and one- 
half million tons having an approximate value of two 
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billion dollars. Between fifty and sixty per cent. of 
this production is within the United States. For the 
sake of comparison the Department of Commerce 
figures for iron and steel indicate approximately one 
hundred million tons total production in 1929, having 
an approximate value of $3,800,000,000. Thus the 
production of rubber products is equivalent in value to 
about one-fourth of the value of all iron and steel pro- 
duction in the United States in a peak year such as 
1929. The tonnage of rubber production, however, is 
only about one one-hundredth that of iron and steel. 
It is significant of world progress that the consump- 
tion of crude rubber has increased over one hundred 
times in one hundred years. Basically this growth was 
made possible by the invention of vulcanization by 
Charles Goodyear. However, in analyzing the growth 
of the rubber industry, we find many other important 
factors which combined to contribute to the tremendous 
progress of the last forty years. The continued de- 
velopment and growing use of any basic commodity 
will depend largely upon quality and price. If quality 
is not improved, substitutes usually appear. If price 
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is not continually lowered, substitutes are openly 
invited. Thus a better product at a lower cost to the 
consumer is the philosophy of every basic industry. 
Let us now give attention to some of the important 
contributions to better rubber products at lower cost 
to the consumer. 

Meriting prime notice was the foresight of Henry A. 
Wickham of London, England, who in 1860 successfully 
gathered seeds of the Hevea brasiliensis tree in Brazil 
and transported them to the Royal Gardens at Kew, 
England. Subsequently the sprouts were sent to the 
Eastern Tropic Botanical Gardens in Ceylon. In 1877 
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twenty-two trees started in Ceylon were sent to Singa- 
pore in the Straights Settlements south of the Malay 
Peninsula. Thus the plantation industry was started. 
The plantation industry today supplies over ninety- 
nine per cent. of all the crude rubber consumed. 
Gradually improved methods of collecting and pre- 
paring latex have lowered costs. At the same time 
quality has been consistently improved. Except for 
two attempts at production restriction which created a 
temporary artificial price level, the price of crude rubber 
has steadily declined since 1910. In 1910 the high 
price was about $3.10 per pound. Today the price is 
fluctuating between fifteen cents and eighteen cents per 
pound, at which level plantation operations are able to 
show a moderate profit. 

Then there was the discovery in 1906 by Arthur H. 
Marks and his assistant, George Oenslager, that aniline 
oil would greatly accelerate the rate of vulcanization, 
which led eventually to the production of a vast number 
of new chemical substances called rubber accelerators. 
Most of these substances are complex organic chemicals, 
such as metcaptobenzothiazole, diphenylguanidine, and 
tetramethylthiuram monosulfide, these being three 
widely used rubber accelerators. Without the use of 
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an accelerator a time of two hours or more is required to 
vulcanize a sulfur-rubber mixture; the tensile strength 
obtained in two hours is about 1150 pounds per square 
inch; the piece will stretch six hundred fifty per cent. 
before breaking. Today with as little as eight-tenths of 
one per cent. of an accelerator a good vulcanisite can be 
obtained in from twenty to forty-five minutes. The 
finished product will have a tensile strength of from 
three thousand to three thousand five hundred pounds 
per square inch and will stretch seven hundred per cent. 
before breaking. Six hours are required to develop 
this same tensile strength without the use of an ac- 
celerator. Thus we note that the rubber chemist has 
made it possible to speed up production to such a point 
that the cost of products to the consumer could be 
substantially lowered. At the same time the quality 
of the products has been improved by the use of these 
organic accelerators. 

A third development which has led to better products 
at lower cost is colloidal carbon black. This develop- 
ment began in 1914 and was pioneered by the Binney 
& Smith Company and the Goodrich Rubber Company. 
Experience slowly disclosed that, as the percentage of 
colloidal carbon black was increased, the tear and abra- 
sion resistance of the rubber compound was increased. 
Today the normal tire tread contains fifty per cent. of 
colloidal carbon black based on the rubber in the 
compound. Tires with a service life of fifteen thousand 
miles or more are common. Before the technic of reén- 
forcement with colloidal carbon black was established 
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FIGURE 3.—RAINYDAY EXAMPLES OF USES OF ‘‘PLIOFILM”’ 


tires seldom had a service life above five thousand miles. 
A similar added service value was realized with other 
rubber articles as a result of this reénforcement. The 
cost of the colloidal carbon black has steadily declined 
from a high of about fifteen cents per pound to the pres- 
ent-day price of between two and three cents per pound. 
The rubber chemist has also learned to use other com- 
pounding ingredients such as zinc oxide, refined colloidal 
clay, iron oxide, and barium sulfate in such a manner 
that the finished products are improved and volume 
cost or cost per pound of the compounded products has 
been reduced. 

Thus we find that the ever-growing use of rubber com- 
positions has been stimulated by lower cost and better 
grade crude rubber from the plantation industry, by 
lower cost and better grade finished articles by virtue 
of the accelerators of vulcanization, and improved 
colloidal pigments for reénforcement. 

Beginning about 1920 and largely as a result of the 
coéperative efforts in industry during the World War 
era, rubber chemists the world over have been more 
than willing to exchange and publish technical informa- 
tion. The Rubber Growers’ Research Association of 
London, England, has always been alert for opportu- 
nities to further the interests of the rubber industry and 
to stimulate new uses for crude rubber. These in- 
fluences have had a direct bearing upon the creation of 
new products in the rubber industry. In 1919 The 
Rubber Growers’ Research Association organized a 
competition for suggestions of new uses for rubber. 
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The object of the competition was primarily to secure 
an increased consumption of rubber arising from an 
«tension of the applications of the crude product. 
The competition received world-wide publicity and as 
aresult over ten thousand suggestions were received, 
which were classified according to the type of manu- 
facture, such as 
Molded articles 
Open-heated goods 
Sheet rubber 
Proofed material 
Dipped goods 

Foot wear, leggings, and so and 

forth Miscellaneous 

In 1923 The Rubber Growers’ Research Association 
published “‘A Handbook on Rubber Uses and Their 
Development,” listing the more practical suggestions 
received in this contest. 

During the period from 1920 to date there have been 
thousands of new products put on the market by various 
rubber manufacturers. One American manufacturer 
advertises its production of over thirty-two thousand 
different items from rubber. The patent literature 
contains several hundred thousand patents dealing 
with rubber and rubber products. One authority 
estimates that approximately fifty thousand new pat- 
ents are issued annually in the rubber field. Obviously all 
these patents do not cover new products made from 
rubber. Nevertheless, the list’ of new products in any 
given year would be too extensive to present here. 

The reader may be interested in some of the new 
products of the past few years, a discussion of which 
is best approached by a broad classification which has to 
do with the type of rubber employed. I refer to the 
use of rubber latex as the starting material as opposed 
to the use of coagulated rubber, such as in making 
tires, and so forth. During the last ten years rubber 
technologists have devised many new methods of 
directly converting rubber latex into finished com- 
mercial articles. By these means all the strength of 
the virgin rubber is retained in the finished article. 

One of the fundamental latex processes which is 
outstanding is known as the anode process. The proc- 
ess is the result of the discovery by S. E. Shepard of 
the Eastman Kodak Company and Paul Klein of the 
Hungarian Rubber Goods Company that latex particles 
having a negative charge travel to the positive pole. 
It is an electrochemical process. After a controlled 
deposit has been made upon a suitable form, the 
whole piece is washed and then dried to remove all but 
about one per cent. of the moisture. Subsequently the 
deposits are vulcanized by suitable means. By this 
process articles have been made as small as diaphragms 
of one-eighthof an inch in diameter by 0.005 inch in gage 
to as large as the coating of twelve-foot metal shafts. 

Another latex process has been introduced in the 
past few years which is known as the ““Kaysam”’ proc- 
ess, developed by Walter Kay of Sam Kay & Com- 
pany, Bury, England. The process consists essentially 
of the following steps. 
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(1) Sensitizing a liquid latex mix to cause solidifica- 
tion to an irreversible gel when desired. 

(2) Pouring the sensitized latex into a suitably 
designed aluminum mold. 

(3) Solidifying the mold-encased liquid by permit- 
ting it to stand at room temperature or by the applica- 
tion of heat, such as submersion in hot water. 

(4) Removing the gelled casting from its mold and 
washing in warm water to assist proper shrinkage and 
to enhance the quality characteristics of the resulting 
product. 

(5) Drying and subsequent vulcanization. The 
drying of this gel gives a final product that is an exact 
replica of the wet one except for size. By this process 
both hollow and solid articles can be made. 

Sponge-rubber articles molded from suitably com- 
pounded latex have opened up a new field for rubber 
products. Several of the large rubber manufacturers 
make a complete line of cushions for all forms of up- 
holstering. Rubber mattresses are now on the market 
in a form which appears to be most practical. The 
mass is composed of a series of small intercommunicat- 
ing cells which permit the free passage of air, thus 
contributing to resiliency and comfort. 

Rubber thread has been produced since the very early 
days of the rubber industry. Until the U. S. Rubber 
Company pioneered in the manufacture of rubber 
thread from extruded latex, thread was made by cutting 
a flat sheet. The new product of the U. S. Rubber 
Company is called ‘“‘Lactron.”’ When covered with a 
fine thread of cotton or silk it is known as ‘‘Lastex,”’ 
the flexible yarn used in knitting foundation garments, 
bathing suits, surgical goods, shoes, and practically all 
types of women’s clothing. 

Another recent improvement made by the U. S. 
Rubber Company relates to the development of a 
method of applying multiple coats of latex to electrical 
conductors and then vulcanizing the coating. This 
process is called the “‘Laytex’’ process, and wire so 
insulated is known as Laytex-insulated wire. The 
outstanding feature is the perfect centering of the 
conductor, because of which and also because of the 
superior electrical characteristics of such insulation a 
substantial reduction in the size of the finished con- 
ductor is possible. In some applications the outside 
diameter has been reduced twenty-five per cent. Ow- 
ing to the superior insulating properties some applica- 
tions have made possible a saving of fifty per cent. in 
the weight of the conductor. The principal uses are 
in communication and submarine cables. 

Both paper and fabric have been coated and impreg- 
nated with latex for years. Recent improvements in 
processes and technic have yielded superior articles for 
battery separator strips. Latex-coated papers which 
resemble leather are being made for table covers, book 
covers, book bindings, and sundry other purposes. 

Another novel product, made by the Goodrich Rubber 
Company, called ““NuKraft,” consists of hog hair or other 
animal fiber coated with latex. Anchored in sponge 
rubber, it is employed as an upholstering material. 
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The U. S. Rubber Company is now offering a line of 
porous sheet products made from latex. These sheets 
may be used for bathing suits, reducing garments, 
filter media, and various other purposes. 

During the past ten years chemists have developed 
new materials which are being employed by the rubber 
industry in the creation of other new products. A 
satisfactory synthetic rubber or rubber substitute has 
been the objective of many research chemists for a long 
time. During the World War German chemists devised 
a synthetic rubber called ‘‘Methyl-rubber,”’ and at best 
it was a poor substitut>. Of late years it has been 
somewhat improved, but it is still deficient. ‘‘Ker,”’ 
a Polish product, is similar. American chemists have 
been far more successful in this field. Today the rub- 
ber industry has three synthetic rubber-like products 
having resistance properties superior to those of rubber. 

The first of these materials to become available is 

known as “Thiokol.’’ Early in 1920 J. C. Patrick was 
trying to produce a cheaper antifreeze solution for 
automobiles. He had mixed ethylene dichloride and 
sodium polysulfide, expecting to get a new liquid. In- 
stead, a gummy mass formed that looked and felt and 
acted somewhat like rubber. This new product proved 
to have remarkable resistance to most solvents. 
It was notably resistant to all hydrocarbon solvents 
which readily swell or dissolve rubber. On the basis of 
this valuable property the Thiokol Corporation was 
formed to exploit the new material, and in 1938 the 
consumption of Thiokol has exceeded a million pounds 
per year. In some cases it is compounded with rubber 
to improve the oil resistance of the product. In other 
cases Thiokol is compounded alone to produce rubber- 
like products for such purposes as diaphragms, gaskets, 
gasoline hose, paint-spray hose, tank-car loading hose, 
cup and piston packing, insulated wire and cable, print- 
ing and lacquering rollers, tubing and valves, and valve 
discs. In 1938 it was announced that the Dow Chemi- 
cal Company would henceforth manufacture ‘“Thiokol’’ 
in a new plant at Midland, Michigan The Thiokol 
Corporation continues to work on the development of 
uses. It should be noted that Thiokol is made from 
raw materials abundant in the United States, namely, 
salt, natural gas, and sulfur. 

The second American product in this class to become 

available was first called ‘‘Duprene’’ and later ‘‘Neo- 
prene.”’ In 1927 J. A. Nieuwland of Notre Dame Uni- 
versity converted acetylene gas into divinyl acetylene. 
Subsequently du Pont chemists modified Nieuwland’s 
process.and made monovinyl acetylene. They further 
discovered that treatment of monovinyl acetylene with 
hydrochloric acid gas resulted in a new chemical called 
chloroprene. They next found that chloroprene could 
be converted by polymerization into a rubber-like 
solid superior to rubber in many of its properties, such 
as better resistance to oils, sunlight, oxidation, heat, and 
many chemicals. 

“Neoprene” is finding wide commercial utility. 

Some of the more important industrial applications are 

as follows. 
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(1) Air hose with a Neoprene lining is used where 
hot oil is injected into the air stream for too] 


lubrication. 


(2) Fuel oil hose. 
(3) Gasoline pump hose lining. 
(4) Oil suction and discharge hose for tankers, 
(5) Propane and butane hose, because these gases 
do not permeate or deteriorate “Neoprene.” 
(6) Oil- and heat-resistant belting. 
(7) Sheet packing and gaskets. 
(8) Printing-press rollers. 
(9) Spinning-roll covers to replace cork and 
leather. 
(10) High-tension ignition cables. 
(11) Seals for gasoline storage tanks. 
(12) Acid-proof gloves. 
(13) Airplane wing and hull caulking. 
(14) Motor mountings and vibration dampers. 
(15) Diaphragms on fuel pumps, and so forth. 
(16) Molded articles, such as washers, valve discs, 


and so forth. 
The du Pont Company manufactures ‘‘Neoprene,” 
which is sold to the rubber goods producers for use in 
making finished articles. The raw materials necessary 
to make ‘‘Neoprene’”’ are coal, limestone, salt, and water, 
all abundant in the United States. 

The third American product in this category is called 
“Koroseal,’’ which is made by the Goodrich Rubber 
Company. According to the patent literature, W. L. 
Semon is the inventor of the process which takes the 
normally insoluble polymer of vinyl chloride and com- 
bines it with o-nitrodiphenyl ether at an elevated tem- 
perature. When the compound cools, a rubbery gel is 
formed which can be handled much like rubber except 
that it does not vulcanize. ‘“Koroseal’’ is resistant to 
most solvents, to moderate heat, and to all inorganic 
acids. It is being used for specialty hose, gaskets, 
electroplating stops, and so forth. Salt and natural 
gas are the essential raw materials in producing “‘Koro- 
seal.”’ 

Rubber chemists have brought to the point of com- 
mercial manufacture a number of very useful derivatives 
of rubber. As is well known, rubber is essentially 
isoprene in polymeric form. As CioHie, this hydro- 
carbon will undergo a wide variety of chemical reactions 
including isomerization. 

Nearly one hundred years ago it was discovered that 
chlorine reacted with rubber to form a brittle resin 
containing sixty-five per cent. chlorine. In the past 
ten years this resin, known as chlorinated rubber, has 
had world-wide commercial development. It shows 
great promise for use in paints, lacquers, and specialty 
coatings. The resin is not affected by most acids, salts, 
and bases. It is insoluble in petroleum hydrocarbons, 
alcohols, and some ketones. It has high water resist- 
ance and excellent electrical properties. 

Hydrogen chloride will react with rubber to form a 
composition of matter known as rubber hydrochloride, 
which is now being made commercially in large volume. 
It is used as a wrapping material for various purposes. 
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It has high moisture resistance and good electrical 
properties, which suggest its use for insulation. You 
have probably seen plenty of this material in the form 
of cheap raincoats for use at football games. The 
Goodyear Rubber Company calls this product ‘‘Plio- 


film.” 
Another product of the Goodyear Rubber Company, 
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acid or similar organic acids to form flexible shellac-like 
resins which had high adhesion to metal. Rubber 
normally does not adhere well to bare metal. As a 
result, Geer and Fisher developed the ‘‘Vulcalock”’ 
process of bonding rubber to metal by means of a ce- 
ment of this sulfonated rubber, the whole being then 
vulcanized in place. Today such important items as 


There are many other new products of the rubber 
industry that have been introduced in the past few 
Those which have been mentioned here illus- 
trate the trend and scope of current developments. 
The rubber industry is alert to evolve novel products 
and to establish new uses for rubber or rubber-like 
products. Large and aggressive research groups are 
maintained. The list of new products should con- 
stantly increase as the results of this research are trans- 
lated into commercial reality. One may therefore ex- 
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ne.” termed ‘‘Pliolite,’’ is an isomer of rubber having very pickling tanks are made by this method. 
useful properties in paints and lacquers. It is made 
by reacting rubber with stannous chloride, chlorostannic 
acid, or other similar materials. Upon completion of years. 
and the reaction, the product is washed to remove the cata- 
lyst and the resulting resin is ready for use. It will 
oxidize quite rapidly in thin films; it is quite soluble 
in most solvents and produces solutions of low viscosity 
in contrast to normal rubber. 
Some years ago W. C. Geer and H. L. Fisher of the 
Goodrich Rubber Company found that rubber would 
. react with p-toluenesulfonyl chloride, p-toluenesulfonic pect continued growth in the years ahead. 
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-al RECENT inventory? of limited spread indicated 

0- that in the series of examination sets examined 
the essay type of question was used in ninety- 

n- one per cent. of the sets as compared with its nearest 

- competing type which was used in sixty-three per 

ly cent. of them. This but bears out the experience of 





most teachers that the essay question is, in spite of 
recent interest in other examination forms, more used 
than all other forms combined. Such general usage 
by a group of teachers who pride themselves upon 
reasoned conduct must not be without justification. 

One advantage of such a test form is that its cost of 
construction is low; however this does not imply that 
the cost of scoring is low. 

Essay responses made by the student require skill 
in the use of English. Many chemistry teachers seem 
to assume that there is an intimate correlation between 
scientific understanding and linguistic expression. 
Taking an examination by marking a paper with 

1 Presented before the Division of Chemical Education at the 
aaa meeting of the A. C. S., Baltimore, Md., April 6, 











2 HENDRICKS AND HANpDoRF, “Examination practice in general 
college chemistry,’ J. Camm. Epuc., 15, 179 (1938). 








AND 


B. CLIFFORD HENDRICKS 


University of Nebraska, Lincoln, Nebraska 


+’s and —’s or T’s and F’s, in their judgment, loses 
much of its value to those concerned. 

The essay question often calls for organization of the 
answer as well as its proper phrasing. The older 
teachers do not consider it possible to test for this skill 
in organization by any other method than by the essay 
response. 

Most teachers feel they are somewhat experienced 
in the preparation of essay test requirements. This 
experience makes teachers better qualified to prepare 
such examinations than they are to prepare the newer 
forms. Their comment would be, ‘“‘Essay questions 
are easier to prepare.”’ Since many teachers of college 
chemistry give only a part of their time to the teaching 
function they do not readily change methods especially 
if such a change requires loss of time from the other- 
than-teaching part of their job. 

Giving an essay examination seems, to many college 
teachers, so easy as compared with the elaborate set-up 
required for some of the standard tests. Its very 
informality invites its use. The teacher saunters into 
the classroom, stops at the desk, extracts a ream of 
paper, asks a student to pass it out while he writes the 
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questions on the board, and the students begin writing 

at once. So it has been for generation after generation 
of students. No wonder such a fixed practice is slow 
to yield to change, especially when some of the limita- 
tions of the new forms are still so evident. 

However, the most ardent advocates of the essay 
examination are ready to confess its weaknesses. The 
most glaring of these, and yet one sometimes not well 
appreciated by its users, is its lack of objectivity. 
When the same examination paper in mathematics® 
can draw grades all the way from twenty-eight to 
ninety-two per cent., depending upon the teacher 
grading it, there is certainly room for improvement in 
that respect. Truly it appears that the grade on the 
paper may depend quite as much upon the scorer of the 
examination as upon the person taking the examination. 

It is said? that the typical essay examination has 
from five to ten questions. It is obvious that a subject 
matter sampling permitted by so few questions has a 
very limited range. However good the character of 
these questions the least that can be said is, ‘“The evi- 
dence which they elicit is insufficient.” It hardly 
needs to be added that always when the student has to 
spend so much of the allotted time in a manual act, 
writing, and in organizing and phrasing the information 
needed in addition to remembering and understanding 
it, the extent of the information that can be expressed 
by the student is going to be correspondingly circum- 
scribed. ‘‘The principle of comprehensiveness is clearly 
violated in the essay type of examination.’’! 

Two other criticisms of essay examination practices 
are: the influence of irrelevant factors upon the scoring 
is very considerable and the uncertainty as to the 
meaning of the score after it has been determined. Any 
teacher of experience knows all too well how difficult 
it is to keep good penmanship from influencing the 
examination grade on a chemistry paper. When such 
a paper is graded there is reason to ask, “Does the grade 
indicate good or poor chemistry, good or poor penman- 
ship, good or poor spelling, or good or poor English?”’ 

Since the essay examination is so generally used and 
has a number of attractive assets it is pertinent to give 
some constructive attention to its shortcomings. 
There may be two ways of caring for these. Either 
they may be corrected by modifying the examination 
form, or, if the defect is related to the examination’s 
use for some certain objective, that objective may be 
better measured by some other means. 

It may be proper, then, to consider some uses of 
examinations®* with especial attention to those most 
effectively accomplished by essay examinations. 

But uses of examinations are almost invariably 
gaged by their service in measuring the attainment of 


3 STARCH AND ELLioT, “Reliability of grading work in 
mathematics,”’ School Review, 21, 254 (1913). 

4 Lana, A. R., ‘“Modern methods in written examinations,” 
Houghton Mifflin Co., Boston, Massachusetts, 1930, p. 74. 

5 HENDRICKS, B. C. AND O. M. Situ, “‘Service tests for chem- 
istry,” Sch. Sci. Math., 35, 488 (1935). 

6 HENpDrRICKS, B. C. AND F. P. FrutcuHey, ‘“‘The uses of exami- 
nations,” J. Cem. Epuc., 15, 237 (1938). 
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objectives of the course. Studies’ have shown and the 
experience of teachers would also indicate that the 
objectives of different teachers are different. In fact, 
the objectives of the same teacher may change from 
year to year, or with the locality in which that teacher 
is working. However that may be, the objective must 
function if it is to serve. And the present criterion of 
functioning is the test. The purpose of this paper is to 
consider the place of the essay examination in testing, 

As previously stated, there are a number of qualities 
characteristic of the good examination. Some im. 
portant ones of these may be re-enumerated as validity, 
reliability, objectivity, and practicality. 

By validity of an examination is meant that quality 
which has to do with the degree to which it measures 
the thing it is intended to measure. In the past 
teachers have, perhaps naively, assumed that the 
essay question is a valid method of measuring any 
objective of a course. Such an assumption is surely 
open to question. The authors are venturing to say 
that for some objectives there are no known valid 
methods of getting evidence, except to observe the 
person at work, or to ask him to reply in his own words 
to a problem situation. For example, if you wanted to 
find out his approach in solving a problem, one could 
observe him in solving a problem or could describe a 
problem and ask him to solve it by a written response 
which is the essence of an essay examination. 

However, the description of the problem may not 

always be free from misconstruction. As an example, 
suppose the student were asked, ‘‘Discuss the electron 
theory.” The student chooses a purpose and method 
of organizing his answer but it may not be the method 
the grader has in mind. Does the maker of the exami- 
nation and the grader expect the student to discuss 
the electron theory: (1) so that the layman can obtain 
some understanding of it, as, for example, for publica- 
tion in Harpers’, Life, or for a talk before a group of 
business men; (2) as a high-school teacher’s explana- 
tion of the theory to high-school students; (3) to show 
the instructor how much the student knows about the 
electron theory; and (4) to show how well the student 
can organize the information in a logical manner. The 
student may use one or more types of organization, 
(a) historical, (b) from the standpoint of particular 
problems, (c) fundamental assumptions and definitions, 
(d) basis of known facts and interpretations of these 
facts, or (e) some combination of these. 

Evidently the examiner needs to take his own ex- 
amination before he gives it to his students. He needs 
to ask himself, ‘“‘Just what do I expect my students to 
say in answer to each question, and have I made the 
questions so clear that they know what I intend and 
that they will not misinterpret it? What kind of be- 
havior on the part of general chemistry students con- 
stitutes evidence that they are reaching each important 
objective? Specifically, what kind of evidence shows 
that students are acquiring a fund of chemical infor- 





7 Smitu, O. M., ‘‘Accepted objectives in the teaching of general 
college chemistry,”’ ibid., 12, 180-3 (1935). 
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mation; what evidence shows that they are learning to 
yse Chemical facts and principles in solving problems 
new to them; what evidence shows that they are learn- 
ing to interpret experimental data; what evidence 
shows that they are developing the ability to plan ex- 
periments for testing promising hypotheses; what evi- 
dence shows that students are skilled in the use of 
laboratory technics; what evidence shows that they 
have an interest in chemical phenomena? Each ob- 
jective, in turn, must be clarified in terms of the evi- 
dence and the kind of student behavior which ex- 
presses the objective.”* The question then needs to be 
so formulated and phrased that it will unmistakably 
bring the written responses from the student that will 
be certain evidence of the degree of achievement in the 
objective measured. 

In an effort to attain this precision of phrasing many 
teachers need to give conscious attention to the precise 
meanings of such terms? as classify, compare, criticize, 
define, describe, explain, illustrate, interpret, justify, 
outline, review, summarize, verify and perhaps many 
others which are used over and over by teachers in 
preparing essay examination questions. 

To obtain a reliable estimate of the degree to which a 
student has acquired information, studies have shown 
that it is necessary to present a large sample of ques- 
tions. Under ordinary conditions it is not feasible to 
present students with a sufficiently large number of 
questions and have them answer the questions in their 
own words, either orally or in writing. This is an im- 
portant practical problem in obtaining a satisfactory 
estimate of a student’s progress in the direction of each 
objective. The test should measure accurately and 
consistently whatever it attempts to measure—it 
should be reliable. The reliability is dependent upon 
the number of observations the examiner makes of 
reactions from a given student. Essay tests require so 
much time to administer that they create the problem of 
including enough questions to obtain a reliable esti- 
mate of students’ achievements in an objective. There 
is either the need for longer periods for such examina- 
tions or for a frank recognition of the necessity of a 
cumulative record of a series of such tests before too 
much reliance is placed upon their implications. 

As another means of improving the reliability of an 
essay test, it is suggested that the examiner take what 
may be called a cross-section sample. If the test is to 
cover the year’s work the test should sample various 
aspects of the year’s work. If the objective is the use 
of scientific method in all fields of human endeavor, 
the test should sample situations in other fields as well 
as those in the subject matter of the course. These 
two demands mean a longer test for reliable measures. 
However, there is evidence which shows that the size 
of the sample can be reduced by obtaining a representa- 
tive sample of behavior rather than a chance sample. 
The non-agreement among readers of essay examina- 



















































8 FRUTCHEY, F. P. AND B. C. HENprRicks, ‘‘Constructing and 
validating examinations,” J. CHEM. Epuc., 15, 40-3 (1938). 
®* LANG, loc. cit., p. 67. 








tion papers has been mentioned.’ It is suggested that 
improvement in this characteristic of such examinations 
may be attained when each grader considers and judges 
an answer to a question as evidence of achievement in a 
particular and the same objective. If the question is 
to measure application of principles, then each grader 
should consider the answer and decide how well the 
answer shows ability to apply principles and not how 
much information the student has. If the latter is 
desired then the test should be scored for that purpose. 
Horney’® has shown the effect of such a procedure upon 
the objectivity of the essay examination in chemistry. 

Probably the poor objectivity of essay examination 
papers is due in a great measure to irrelevant factors. 
Good penmanship predisposes the reader to leniency 
to poor chemistry. Non-Websterian spelling has, 
possibly, been responsible for poor grades for many 
otherwise fairly good students of chemistry. It is 
obvious that if readers of examinations will consciously 
seek to minimize the influences of such irrelevant as- 
pects of the paper there will result a more objective 
evaluation of it. 

It is further suggested that just as the precision of 
a thermometer is improved by the smallness of the 
units etched upon its stem, so the objectivity of an 
essay examination may be improved by finer test units, 
tz. €., more specific test questions rather than coarse 
units of the general type. 

There is something to be said for essay examinations 
as a practical, usable means of testing. They take 
less time to prepare; they cost less to mimeograph; 
they may be easily made to include local emphasis of 
subject matter; and some students are accustomed to 
them and hence are less disturbed emotionally by the 
familiar than they would be by novel, unusual forms. 

On the other hand, unusual administration time- 
demands are made if essay examinations are to be 
acceptably comprehensive and dependably vaiid. 
Their use entails a heavy burden of reader time re- 
quiring skilled readers if reasonable objectivity is at- 
tained. Their grades or scores are less specific in their 
implications than are those of other types. Yet, to 
date, this form is without competition as a means of 
securing direct organization of the science. 

So intimately are organization and expression related 
to knowledge and understanding that it is uncertain 
how much of the latter is possible without the former. 
If oral or written expression is essential to understand- 
ing, then it would certainly be unfortunate to delete 
oral or written expression from its rédle as an element 
in the training of the student in the course. It follows 
that it would be equally unfortunate to discard oral or 
written expression entirely from tests for information 
and understandings in the course. Until such time as 
the uncertainty stated in the first sentence of this para- 
graph is cleared the essay examination form should by 
all means constitute an important part of all well- 
balanced examination programs. 


10 HorNEY, A. G., “‘An objective essay examination in chem- 
istry,”’ Sch. Sci. Math., 34, 380-7 (1934). 








The ATOMIC WEIGHT of HY DROGEN 
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HE change in the atomic weight of hydrogen an- 

nounced in the Eighth Report of the Committee on 

Atomic Weights of the International Union of 
Chemistry (1) calls attention to the recent develop- 
ments and the increasing significance of physical 
methods in the field of atomic weight determinations. 
The classical atomic weight standard of the chemist 
is ordinary oxygen, O = 16.0000: the atomic weights 
of all other atomic species are based upon this standard 
first formally adopted in 1905 (2) and still in use. The 
question of another standard for atomic weights arose 
out of the increasing use of the mass spectrograph in 
exact atomic weight determinations of isotopes. With 
the discovery that most of the elements were rather 
constant mixtures of isotopes, the question arose as to 
whether or not oxygen itself were composed of but a 
single species. This doubt was expressed by Aston (3) 
in 1927 when he redetermined the weights of a number 
of elements. He then leaned toward the view that 


oxygen was without isotopes and so retained the stand- 


ard, O = 16.0000. His value for hydrogen on this 
basis was 1.00778 + 0.000015. The then currently 
accepted value of the atomic weight of hydrogen by 
chemical methods was 1.00777 + 0.00002 (4). This 
excellent agreement served to engender much faith in 
the accuracy of both methods and therefore gave rise 
to no suspicion of the existence of hydrogen isotopes. 

This agreement was soon called into question when, 
in 1929, Giauque and Johnston (5) discovered in the 
molecular spectrum of atmospheric oxygen evidence 
for the existence of three species of oxygen atoms. 
Mecke and Childs (6) in 1931 reported the relative 
abundance of the three isotopes as: O'*; O17; O'8 = 
3150: 1: 5 (the superscripts refer to the atomic 
weights). Explicit in this work was the establishment 
of a new physical standard of atomic weights, namely, 
the oxygen isotope, O'* = 16.0000. On this basis, the 
atomic weight of ordinary oxygen became 


3150 (16) + 1 (17) + 5 (18) 
3156 


= 16.0035. 





However this discovery did not alter the atomic 
weight of hydrogen as determined by the mass spec- 
trograph for the reason that the usual photographic 
procedure involved is such that will reveal only the 
line due to the most abundant isotope of oxygen, O'. 
To this line, Aston had attributed the value, O = 
16.0000. At the present, the line is given exactly the 
same value, but it is known to be due to O'% Thus 
the mass spectrograph value for the atomic weight of 
hydrogen remained unchanged, H = 1.00778 (on the 


standard O' = 16.) replacing H = 1.00778 (on the 
standard O = 16.). ? 

While the results of this particular method remained 
unaffected by the discovery of the oxygen isotopes, due 
to a perfect cancellation of errors, the interpolated 
atomic weight of hydrogen on the chemical scale was 
definitely altered. The atomic weight of hydrogen 
1.00778, refers to the standard, O18 = 16.0000, and to 
O = 16.0035 as derived above. Converting to the 
chemical standard, O = 16.0000, there is obtained 
1.00778 X 16.0000/16.0035 = 1.00756 (O = 16.). 
The former agreement with the value 1.00777, ob- 
tained from direct chemical methods, vanishes. In 
this same year, 1931, Birge and Menzel (7) showed that 
this discrepancy could be explained by the presence of 
an isotope of hydrogen of atomic weight = 2, present 
to the extent of one part in 4500 and therefore unde- 
tected by the mass spectrograph. Spurred by this 
prediction, Urey, Brickwedde, and Murphy (8) searched 
for and shortly discovered and separated heavy hydro- 
gen. When their value for the abundance ratio of light, 
and heavy hydrogen is introduced into the calculation 
the apparent disagreement between the two values 
based on the chemical standard largely disappeared. 

This was the happy state of affairs until the early 
part of 1935 when several investigators (9) working on 
nuclear transformations involving hydrogen and other 
light atoms as beryllium and boron found that the 
energy released in individual transformations was 
very different from what was to be expected from the 
accepted data on the relative masses of the nuclei in- 
volved. On the assumption that the Law of Conser- 
vation of Mass-Energy was valid for their systems they 
concluded that the currently accepted value for the 
mass of the hydrogen nucleus was too low and that, 
therefore, the mass spectrograph values were in error. 
To the atomic weight of light hydrogen they assigned 
the value, H'! = 1.0081 + 0.0001 (O'* = 16.). A sub- 
sequent redetermination in 1936 by Aston (10) with a 
newly designed mass spectrograph confirmed these re- 
sults and established the atomic weight, H'! = 1.00812 
+ 0.00004 (O'* = 16.). In the following year, Bain- 
bridge and Jordan (11), with their own instrument, ob- 
tained the value, 1.00815 + 0.00002. In the meantime 
more accurate determinations of the abundance ratios 
of the isotopes of oxygen fixed the atomic weight of 
ordinary oxygen at 16.0043 (0 = 16.). Using this 
figure, the atomic weight of light hydrogen on the 
chemical scale becomes, H! = 1.00813 x 16.0000/- 
16.0043 = 1.00785 (O = 16.). Similarly, using As- 
ton’s latest value (1936) for the atomic weight of 


494 

















OcTOBER, 1939 


deuterium, on the chemical scale, we find H? = 2.01471 
X 16.0000/16.0043 = 2.01417. From these isotopic 
masses together with an abundance ratio of 1:5000, 
the atomic weight on the chemical scale of ordinary 
5000 (1.00785) + 1 (2.01417) _ 


5001 






hydrogen becomes H = 


1.00805 (O = 16.). 

The comparison of this most recent value, 1.00805, 
derived from physical measurement, with the atomic 
weight derived from chemical analysis, 1.00777, shows 
a difference of three parts in 10,000, unexplained at 
present. The Committee on Atomic Weights in 1938 
accepted the former of these as the better value for the 
atomic weight of hydrogen. 

Swartout and Dole (12) hayerecently redetermined the 
protium-deuterium ratio, using Lake Michigan water 










(1) “Eighth Report of the Committee on Atomic Weights,” 
J. Am. Chem. Soc., 60, 737 (1938). 

(2) “Report of the International Committee on Atomic 
Weights,” ibid., 27, 1 (1905). 
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tS Birce, R. T., Phys. Rev. Supplement, 1, 1 (1929). 
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and Atlantic Ocean water. For Lake Michigan water, 
H/D ratio is 6970, and for Atlantic Ocean water the 
ratio is 6900. This is in agreement with the Gabbard- 
Dole (13) ratio of 6900. This new ratio yields 1.0080 
for the chemical atomic weight of hydrogen instead of 
the present accepted value of 1.0081. An examination 
of Table V, compiled by Swartout and Dole, emphasizes 
that the present existing discrepancy between the 
chemical and physical determinations of the Atomic 
Weight of Hydrogen cannot be attributed to possible 
error in the H/D ratio. 

This recent history of the atomic weight of hydro- 
gen not only illustrates well ‘how science works’ but 
also shows clearly the necessity for and the value of the 
close coéperation of the various man-made branches of 
science. It can give to the chemistry yearling a picture 
of the scientific method in operation. 
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HE chemistry teacher should always be on the 
Lookout for new methods of presenting chemical 

ideas to students. This project is submitted be- 
cause of the many desirable outcomes centered about 
pupil activity. Since the problem of utilizing wastes 
has become a very important chemical problem the 
utilization of the waste pieces of chalk was undertaken 
by the general chemistry students of Storer College. 
A small box was placed in the chemistry classroom, 
and members of the faculty were asked to save their 
small pieces of waste chalk. 

By using a mortar and pestle the chalk was ground 
up into a powder. Five or six grams of this powdered 
material were placed in a flask fitted with a two-hole 
stopper. Through one hole was inserted a thistle tube 
or long stem funnel while through the other hole there 
was a glass outlet tube leading into an empty jar cov- 
ered with pasteboard. The apparatus thus arranged 
resembled the ordinary carbon dioxide generator. 

To the chalk in the flask were added a few cubic 
centimeters of dilute hydrochloric acid. This chalk 
thus became a source of carbon dioxide for the gas 
collected in the empty jar covered with cardboard 
through which the outlet tube was inserted. A con- 
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firmatory test was made to show the presence of carbon 
dioxide by adding a few cubic centimeters of limewater 
to the jar and shaking. The limewater turned milky. 

The effervescence noticed upon the addition of 
various acids to this chalk and the milkiness of lime 
water when carbon dioxide was added to it were suf- 
ficient evidence to point out to the students the means of 
testing for the carbonate radical. A flame test made by 
heating a clean platinum wire which was touched to the 
water solution of chalk was used to show the flame test 
for calcium. By placing some of this powdered chalk 
with water in a model fire extinguisher which contained 
some sulfuric acid in a separate compartment, it was 
discovered that the material could be used to show the 
operation of a chemical fire extinguisher. 

Another interesting use of the chalk was demon- 
strated by the making of ash trays, bowls or pin trays. 
After being powdered the chalk was treated with water 
until a paste was made. By means of a knife or spatula 
this paste was molded into desired shapes and allowed 
to harden in the air. The next problem was that of 
coloring these various objects. A few drops of methyl- 


ene blue or a few crystals of malachite green when 
added to the paste before molding were found to impart 
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the colors blue and green, respectively, to these so- 
called souvenir trays. It was found that mineral 
water used in place of ordinary water gave a more per- 
manent mold. When the moistened chalk was mixed 
with an iron-containing clay it was further found that 
the resulting product possessed both color and dur- 
ability. 

Another use made of this powdered chalk was that 
of removing grease spots from materials by absorption. 
The material which contained the grease spot was 
placed on top of a layer of powdered chalk, the chalk 
having been placed on a glass plate or dish of con- 
venient size. On top of the spot was placed a layer of 
chalk, and the whole was pressed by placing some 
weighted object on top of this layer of chalk. Upon 
allowing this to stand overnight the grease spot was 
found to be absorbed. 

Another attempted use was that of making a white 
shoe dressing by taking some of the powdered chalk 
and suspending as much as possible by shaking with a 
cheap naphtha used for cleaning clothes. Other 
liquids like alcohol and ethylene glycol were tried. 
These solvents gave the essential cleaning properties, 
but after it dried the white paste from the chalk did 
not adhere to all types of white shoes. All in all, this 
attempt suggested a use for this oft-discarded chalk. 

The making of calcium nitrate, an important fer- 
tilizer, was accomplished by treating this waste chalk 
with dilute nitric acid. The reaction was 


CaCO; + 2HNO; — Ca(NOs;)2 + H:0 + CO; tf 


Upon slow evaporation of the water solution after 
effervescence ceased, crystals appeared. When some 
of these crystals were placed in water and the brown 
ring test was made, evidence of a nitrate was confirmed. 

Probably, the most interesting and fascinating use 
of the chalk was that of making tooth powder. Some 
of the powdered chalk was placed in a large beaker of 
water and boiled to remove some of tlie impurities. 
After filtering and reboiling the chalk, dilute hydro- 
chloric acid was added until effervescence ceased. 
Vinegar proved to be a satisfactory substitute for the 
hydrochloric acid since it was cheaper. When the 
hydrochloric acid was used the compound calcium 


JOURNAL OF CHEMICAL Epucatioy 


chloride was in solution after effervescence ceased, 
After cooling this solution there was added to it a soly. 
tion of washing soda or c.P. sodium carbonate until jn 
excess. As soon as the washing soda was added a 
precipitate of chalk was formed. ‘This precipitated 
chalk was filtered with suction, washed and re-washed 
with distilled water and finally air-dried. Upon dry. 
ing, a very white product resulted, which, when ground 
up finely in a mortar, possessed no gritty taste or feel, 
To a portion of this were added a few drops of pepper- 
mint extract and to another portion a few flakes of 
Castile soap and peppermint. The students were well 
pleased with the taste and reaction of their synthetic 
tooth powder. Essentially, the reactions involved in 
this tooth paste procedure are 


(a) CaCO; + 2HCIl —+ CaCl —H,O—CO, + 
(impure chalk) 


(b) CaCh + Na,CO; —> CaCO; + 2NaCl 
(washing soda) (precipitated chalk) 


When vinegar is used the reactions are essentially 


CaCO; + 2CH;COOH — Ca(CH;COO,)2 + + CO, + H,0 
(impure (vinegar) 
chalk) 


Ca(CH;COO): + Na,CO; —- CaCO; + 2CH;COONa 
(washing (precipitated 
soda) chalk) 


It was also found that this precipitated chalk could 
be made into a paste with water and became sufficiently 
hard on drying to be used as a cement for filling holes 
in walls due to nails or cracks. 

As the quest for new ways of utilizing this waste 
chalk is continuous, so should the student become im- 
pressed with the idea that all education is continuous. 

In conclusion the following advantages and desir- 
able outcomes resulting from such a project may be 
listed, yet im toto this does not represent all of such 
results. The project (1) illustrates the utilization of 
wastes; (2) develops individual creative powers; (3) 
fosters the research idea; (4) gives opportunity to 
study simple chemical reactions; (5) presents practical 
means of reducing costs of chemicals; and (6) shows 
elaborate or costly materials are not necessary for 
teaching projects. 





CORRESPONDENCE 


WANTED: 


To the Editor 
DEAR SIR: 


The undersigned has for some time desired a term 
as a class name for two-element compounds of non- 
metals—a term to list along with: salts, bases, acids, 
esters, and so forth. For want of anything better he 
has used the phrase ‘‘non-metallic non-metallide’’; cer- 


A GENERAL TERM FOR BINARY COMPOUNDS OF NON-METALS 


tainly very cumbersome! Some time ago one of his 
students, Miss Lucyle Thomas, suggested the term 
‘‘ametallide,” in which the prefix ‘‘a-” is used as “‘an-” 
in anhydrous. 

When this need was placed before one of the com- 
mittees of the A. C. S., the response was, ‘“To what 
extent have you found a need for a generic name for 
compounds of the type under consideration?” 
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A canvass of the men in one department found one 
hundred per cent. of those teaching general or inor- 
ganic chemistry approving the selection of a term for 
ich compounds. 

This communication seeks the answer that other read- 
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ers of the JOURNAL OF CHEMICAL EDUCATION would 
give to the committee’s question quoted on page 496. 
B. CLIFFORD HENDRICKS 


315 AveERY LABORATORY 
LINCOLN, NEBRASKA 





THOMAS GRAHAM TO A. W. von HOFMANN 


To the Editor 
DEAR SIR: 

A short time ago, while doing some reference work in 
the library of the chemistry department of Iowa State 
College, I came across a very interesting letter written 
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on the back flyleaf of the bound copy of Volumes | and 2 
(1868-1869) of the Berichte der deutschen chemischen 
Gesellschaft. It was a letter written by Thomas Gra- 
ham, the noted English pioneer in colloid chemistry, 
to A. W. von Hofmann, President of the Berlin Chemi- 
cal Society, on December 28, 1868, shortly before 
Graham’s death, September 16, 1869. This letter is 
self-explanatory and appears to be of some historical 


I have been unable to determine the source of this 


bound copy of Volumes | and 2 of the Berichte. It was 
acquired by the Iowa State College Library in 1909. 
There is no record here of where or from whom it was 
acquired. My theory is that these volumes were ob- 
tained from the library of A. W. von Hofmann, who 








died on May 5, 1892. Apparently von Hofmann bound 
this letter with his own copy of Volume 2 of the Berichte 
since a considerable portion of this volume deals with 
the life and works of Thomas Graham. The front 
flyleaf of Volume 2 contains a photograph of Graham. 
The announcement of Graham’s death to the Berlin 
Chemical Society on October 11, 1869, by von Hofmann 
is given on pages 475 and 476 of this volume, and a re- 
view of Graham’s life and works is given by von Hof- 
mann on pages 753 to 780. 
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This letter has now been removed from Volume 2 of 
the Berichte and is kept with the special documents in 
the Iowa State College Library, The paper had be- 
come yellow and somewhat brittle, but it has been 
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placed between transparent sheathing, and it wi} 
probably last in this manner for a long time. 
S. I. ARONOvsxky 
AGRICULTURAL BypRoDUCTS LABORATORY 
U, S. Depari MENT or AGRICULTURE 
Ames, Iowa 





“THER PEROXIDES 


10 the Editor 


DEAR SIR: 


Recent correspondence has pointed out the explosion 
hazard in the distillation of ethers containing peroxides 
(Drecerine, J. Cuem. Epuc., 13, 494 (1986); MorGcan 
AND Pickarb, J. Soc. Chem, Ind., 55, 421 (1936); Wu- 
LiAMs, Jbid., 55, 580 (1936)). Di-isopropyl ether was 
considered among the most hazardous. 

An old sample of di-isopropyl ether was examined 
in this laboratory and found to contain a large quantity 
of a peroxide which was isolated and identified as tri- 
acetone peroxide, (CsH¢Og)s, M.p. 98°C. This peroxide 
exploded when rubbed on a clay plate or when heated 


in a free flame; the properties of this substance were 
identical with those of triacetone peroxide prepared 
from acetone and thirty per cent. hydrogen peroxide 
in the presence of hydrochloric acid (BAERYER ayp 
ViLicER, Ber., 33, 858 (1900)). 

The isolation of triacetone peroxide from di-isopropyl 
ether, which has stood for some time, is suggestive that 
the latter type of peroxide as well as diacetone peroxide 
are responsible for the explosions during the distillation 
of old di-isopropyl ether. 

M. S. KHARASCH 
M. GLADSTONE 


Tue UNIVERSITY OF CHICAGO 
CHICAGO, ILLINOIS 





“PATENTS FOR ACTS OF NATURE” 


To the Editor 


Dear Sir: 

In ‘‘Patents for Acts of Nature’ appearing in the 
issue of Science for April 28, 1939, at page 387, I 
advance the thesis that novel true chemical compounds, 
as such, are not entitled to patent protection because 
they cannot be “‘inventions,’’ inasmuch as a true “‘in- 
vention”’ is a specifically human affair—a creating or 
contriving by man—some thing or some action or 
series of actions performable upon materials that man 
can, and does, make or perform—in short, a purely 
human accomplishment, whereas every true chemical 
compound is, in itself, solely a creation of nature; and 
I demonstrate that the decisions of the courts implic- 
itly, if not explicitly, sustain this thesis. This thesis 


does not deny patent protection to novel true chemical 
compounds as products of specific patentable processes, 
but it does deny patent protection to novel true chemi- 
cal compounds apart from the specific patentable proc- 
esses utilized to produce them. 

My purpose in bringing “‘Patents for Acts of Nature” 
to the attention of your readers is to elicit from them 
as chemists criticisms, pro and/or con, but most es- 
pecially con, of its thesis, for I have in preparation an 
exhaustive treatment of this thesis and I want to in- 
corporate all such criticisms in this proposed longer 
paper. Communications sent to me will receive im- 
mediate attention. 

CHARLES E. RuBy 


94 HUNTINGTON AVENUE 
Boston, MASSACHUSETTS 





“A STUDY OF EQUATIONS OF STATE” 


p(v—) = Rt, to Budde instead of to Clausius as was done 


To the Editor 


DRAR SIR: 

Attention has been called by Professor Louis J. 
Bircher of Vanderbilt University to the fact that Get- 
man and Daniels in their ‘Theoretical Chemistry,”’ 


(sixth edition, page 14), attribute the equation, 


in the article, “‘A Study of Equations of State.” It has 
been impossible, so far, to check the authority for this 
statement. Authority for attributing it to Clausius 
comes from Loeb, “Kinetic Theory of Gases’’ (second 
edition, pages 171-—2),and from the original paper of 
van der Waals. 








(cTOBER, 1939 









Rankine’s equation is an entirely empirical develop- 
ment made to fit Regnault’s data for carbon dioxide, 
rather than an attempt to allow for the attractive 


it wil 
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The equation of Shaha and Basu was not obtained 


from the original paper and was incomplete as given. 
The reduced form of their equation should read. 


—nT 1 =#/TV ,. V — 2B 
p= atl a-e/TV ,, J E 


2B 
with n = 3.524, B = 0.3161. 
This equation is not suitable for values of V much 


less than one, since for V = 0.6322, P becomes infinity. 
GEORGE WOOLSEY 


Los ANGELES City COLLEGE 
Los ANGELES, CALIFORNIA 









OVSKY ’ ; “ 
forces between the molecules, as was implied in the 
historical discussion. 

Hirn (‘“Theorie mecanique de la chaleur,” second 

ition, Volume I, page 195 (1865)) gives the equation, 
pag' & q 

ptr) (v — b) = Rt, where r is the sum of the internal 

actions (internal pressure) and 6 is the sum of the vol- 

ymes of the molecules. This is of historical interest 
since it precedes the equation of van der Waals. 

ce were The reduced equation of Dieteric should read 

repared Te ~ 2/TV 

eroxide ,* apa | 

VR AND 

propyl 

ve t ' ‘ 

a To TEACHERS OF GENERAL CHEMISTRY: 

roxide 

lation Many of your best lecture demonstrations are those 





which are original with you. That certainly holds 
true for most of us teaching General Chemistry. But 















LECTURE DEMONSTRATION EXPERIMENTS IN GENERAL CHEMISTRY 


I intend to arrange the experiments by subject mat- 
ter, editing where necessary. Every experiment ac- 
cepted for publication will carry the name of the con- 
tributor as well as the name of his institution. 

I know how busy teachers of freshmen are, but I 
honestly believe that the time taken to look through 
your experiment file and to write up the experiments for 
this purpose will be repaid many times by the ideas 
which you will get from the other contributors. 

Needless to say, the success of this plan must depend 
almost entirely upon the contributors themselves. 
Your coéperation will be appreciated. 

SauL B. ARENSON 


UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 























‘SCH 
ONE unfortunately we don’t know, and therefore can’t use, 
those favorite demonstrations of our colleagues. 

To help remedy that, I intend to write, for the 
JourNAL oF CHEMICAL EDUCATION, a series of articles 
under the title, ‘‘Newer Lecture Experiments in Gen- 
eral Chemistry.’’ ‘This letter, therefore, is a plea for 
help. 

Will you please contribute exact directions for per- 
forming one or a half-dozen of your ‘“‘pet’’ lecture 

mical demonstrations—those, of course, which are not 

esses, mentioned in the literature on Lecture Experiments? 

1emi- @ A rough or elaborate sketch of the apparatus should be 

proc: @ appended. 

ure” 

‘hem 

t es: To the Editor 

n an DEAR SIR: 

) in- Mr, Glasoe’s article, ‘“‘The Present High-School 

nger Course in Chemistry—-A Paradox’”’ [J. Cuem. Epuc., 

im- 15, 364-7 (1938)] on high-school courses in chemistry 
follows the usual line of attack. One would think 

Y that the distinguished Board which lately made a 
study of such a course and published it in one of the 
Journats of 1936 [J. Cuem. Epuc., 13, 175-9 (1936) ] 
was entirely unfortunate in its conclusions. 

There is altogether too much bunk being spread 
around about objectives, preparing for life, motivating 
for this, that, and the other occupation in life, which, of 
course, no one really knows at his high-school age. 
We are merely trying to project the results of our ma- 

- turity into the minds of youth and deceiving ourselves 
vi into thinking that we have discovered what is wrong 
er with everything. 

: d As a matter of fact, the course as compiled by the 
of Board is workable, is an attempt to have the students 





who are still children, by the way, get, as early as pos- 
sible, certain fundamental facts, principles, and cer- 






THE HIGH-SCHOOL COURSE IN CHEMISTRY 


tain technical efficiency in the laboratory. Prepara- 
tion for life? Certainly; learning the scientific method 
of getting your data, marshaling your facts and draw- 
ing conclusions from these and these only—would that 
some of our political leaders were chemists! Prepara- 
tion for college? Well, ask the colleges how our stu- 
dents rate who are using the course mentioned, modi- 
fied to meet local conditions. But we do not prate 
about the pot of gold at the end of the rainbow! 

Then Mr. Glasoe does not seem to be in touch with 
some of the latest developments in college chemistry 
courses, especially in the East. For instance, he 
might write to Brown University, and he would be 
obliged to deny his accusation about freshmen repeating 
the high-school course. Then, too, pupils from our 
school, for example, have been admitted to a sophomore 
course after proving their qualifications by an examina- 
tion on the facts, principles, and problems of chemistry 
—not how to make a pie or prevent an epidemic. 

J. HERBERT WARD 


CLASSICAL HIGH SCHOOL 
PROVIDENCE, RHODE ISLAND 








RECENT BOOKS 


Scotr’s STANDARD MetuHops OF CHEMICAL ANALYsIs. W. W. 
Scott. Edited by N. H. Furman, Princeton University. Fifth 
Edition. D. Van Nostrand and Company, Inc., New York 
City, 19389. Volume I, xxxi + 1234 + 97 pp. Volume II, 
xxi + 13816 +97 pp. 15 X 23cm. $17.00. 

This book, standard as an analytical reference work since 1917, 
has been greatly enlarged and modernized in the new edition. 
The size has been increased by some eight hundred pages. A 
new format improves the appearance and new headings add ease 
of reading. All the sections have been rewritten, and many new 
names have been added to the list of codperating experts. New 
chapters have been added on Rhenium, Ferrous Alloys, Electro- 
metric pH Measurement, Colorimetric pH Measurement, Con- 
ductimetric Titrations, Chemical Microscopy, Quantitative 
Microanalysis, Analysis of Rubber Compounding Ingredients, 
and Quantitative Spectrographic Analysis. 

Volume I is, as in past editions, chiefly devoted to a systematic 
treatment of the analytical methods for the various elements, 
alphabetically arranged. Procedures are modernized, and many 
colorimetric methods have been added. Directions are generally 
given in sufficient detail for laboratory use. Original references 
are freely cited. Volume II, Part I, deals with applied analysis, 
covering many fields. The standard methods of the American 
Society for Testing Materials and the Technical Association of 
Pulp and Paper Industries are given in many sections. Part II 
of this volume, entitled ‘‘Special Techniques. . . .,’’ contains brief 
articles on many of the important special technics and instru- 
mental methods. Many of these sections are necessarily too 
brief for use as a laboratory manual, but they are of value in pro- 
viding the analyst with an introduction to these methods and 
their applications. 

The broad scope of this book, and the complete and authorita- 
tive treatment of each topic, combine to give it a unique position 
in the literature of analytical chemistry. Here is concentrated 
in one book a very complete analytical library, useful both to the 
school and industrial laboratory. The analyst will find the book 
sufficiently up-to-date for almost every determination that may 
be encountered. The reviewer feels that the editor, the collabo- 
rating experts, and the publishers are to ‘be congratulated on the 
excellence of this new edition. 

W. C. PIERCE 


Tue UNiversity or CxICcaco 
Cuicaco, ILLINOIS 


Vladimir Rojansky. 


INTRODUCTORY QUANTUM MECHANICS. 
x + 544 pp. 


Prentice-Hall, Inc., New York City, 1938. 

15 X 23cm. $5.50. 

The book is designed to provide the reader of limited mathe- 
matical training with an introduction to the principles and mathe- 
matical methods of quantum mechanics. In contrast with other 
elementary treatises on the subject, the book is primarily con- 
cerned with the basic physical ideas and the logic of quantum 
mechanics, rather than with its applications to specific physical 
problems. 

A survey of classical mechanics follows a preliminary chapter 
on mathematical methods. Quantum mechanics is introduced 
and discussed from the standpoint of the Schrédinger method. 
After a second mathematical chapter on linear operators and 
matrices, the Heisenberg method and the Dirac symbolic method 
are presented. The treatment is limited to one dimension in 
order to emphasize the physical principles with a minimum 
of mathematical complexity. Finally, three dimensional mo- 
tion is treated from the standpoint of the Schrédinger equation 
with a detailed solution for the hydrogen atom. The final 
chapters are devoted to the Pauli theory of electron spin and 
the Dirac relativistic theory of the electron. 

The author has achieved admirable clarity and simplicity 
in the presentation of the basic physical ideas and the general 


viewpoint of quantum mechanics. For chemists wishing access 
to a broader viewpoint of the general theory, the book will pro. 
vide a useful supplement to the study of the applications of 
quantum mechanics to their own field, now available in several] 
excellent texts. 

Joun G. Kirkwoop 


CORNELL UNIVERSITY 
IrHaca, New York 


AN INTRODUCTION TO THE PRINCIPLES OF PHYSICAL CHEMISTRY, 
O. Maass, Macdonald Professor of Physical Chemistry, and 
E. W. R. Steacie, Associate Professor of Chemistry, McGill 
University. Second Edition. John Wiley and Sons, Inc., 
New York City, 1939. 
$3.00. 

The authors have attempted a Herculean task. To write an 
elementary text suited to the needs of chemists, chemical engi- 
neers, premedical and biological students is very difficult. Usu- 
ally the first two classes can assimilate much stronger meat than 
the last two. The choice of subjects for emphasis will almost 
inevitably fail to satisfy some users. But to those who must 
handle classes composed of students with such varied interests, 
this book presents an excellent choice. It is truly elementary. 
The use of calculus is avoided and other mathematical treatment 
is very modest. However, Drs. Maass and Steacie have pre- 
sented most of the physical chemical concepts in a beautifully 
simple and inspiring manner. It must be a very dull student 
who cannot grasp their teaching. Where they must necessarily 
be somewhat inexact, the fact is pointed out. It will pay even 
experienced teachers to read their discussion. 

The introductory chapter, including a discussion of the scien- 
tific method, is noteworthy. The treatment of: gases, funda- 
mental chemical laws, and transition phenomena is good. How- 
ever, the calculation of fractional dissociation and adiabatic ef- 
fects is ignored, although the section on specific heats is unusually 
full. The interrelations of critical data and Van der Waals con- 
stants are not discussed. Throughout the book the experimental 
approach is emphasized. The chapter on liquids is good, but 
qualitative only, which is unfortunate. Solids are not accorded 
much space and only the ideas of thermodynamics are given, but 
the chapter on the structure of matter is very good. Solutions 
are discussed briefly, but distillation is ignored. Colloids are 
treated quite adequately. Dilute solutions are considered in de- 
tail, but the reviewer protests against defining osmotic pressure as 
“the pressure exerted by the particles of the solute, when the ten- 
sile strength of the liquid has been overcome by some method of 
compensation” (page 201). True, the authors mention that others 
do not agree with this viewpoint (page 199) but it would seem 
more consistent with the rest of the book to stick to measurables, 
i. e€., vapor pressures of solvent and solution, rather than to intro- 
duce a debatable mechanistic explanation. The treatment of 
the phase rule is excellent and of equilibrium very good. Most 
commendable is the mechanical analog of reversibility. Reac- 
tion rates, electrolytic dissociation, and thermochemistry are 
quite adequate. The Debye-Hiickel concept is discussed suit- 
ably. The section on indicators could stand expansion. Electro- 
motive force is disappointingly brief and elementary. 

The authors’ style is excellent, the type unusually large and 
format very good. To each chapter is attached a set of ques- 
tions and problems with answers. There are forty-five tables of 
useful data, an appendix of atomic weights, and one giving the 
derivation of first and second order rate equations. There are 
no literature references. 

The book can be recommended for classes similar to the au- 
thors’ and to all teachers and students who seek a clear presenta- 
tion of ideas. 


ix + 395 pp. 102 figs. 15 X 23 cm. 


M. M. HARING 


UNIVERSITY OF MARYLAND 
CoLLece PARK, MARYLAND 
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JEAN TIMMERMANS (1882-_ ) 


Jean Timmermans, competent physical chemist, was born at 
Brussels on January 8, 1882. He was trained under Crismer at 
Brussels (Docteur en sciénces chimiques, 1908) and also spent 
profitable years in the laboratocies of other notables: Rothmund 
(Prague, 1905-06), Young (Dublin, 1906-08), van der Waals 
(Amsterdam, 1908-11), Guye (Geneva, 1912-13), Kamerlingh- 
Onnes (Leyden, 1921). Since 1919, Timmermans has directed 
the work in physical chemistry at the University of Brussels. 
He is a specialist in the study of pure organic compounds and 
their constants, and has devoted much attention also to the 
properties of their mixtures. Another principal field has been 
the mutual solubility of liquids and the freezing of their mixtures 
at very high pressures (piezometric analysis). He has shown 
great interest in the organization of scientific work, has aided in 
the development of scientific libraries, has put out a union cata- 


log of the periodicals in the Belgian libraries, teaches history of 
chemistry, and was the prime figure in the salvation of the Stas 
relics [see THIS JOURNAL, 14, 353-7 (1938) |. 

Dr. Timmermans has been Director of the International 
Bureau of Physico-Chemical Standards since its creation at 
Brussels in 1921; he was President of the Belgian Chemical 
Society 1928-29; in 1930 he presided over the first national 
Belgian congress of sciences. 

In addition to numerous papers, he is the author of the follow- 
ing books: Phénoménes de demixtion de mélanges liquides 
(1911), Notion d’espéce en chimie (1928), Solutions concentrées 
(1936), Etalons physico-chimiques organiques (1938). 


(Contributed by Ralph E. Oesper, University of Cincinnat: ) 














_ EDITOR’S OUTLOOK 











DON'T STAND STILL IN A SWAMP.—We have 
at various times taken it upon ourself to criticize in 
these columns those who undertake to “‘sell’’ education 
on the basis of its dollars-and-cents value, and have de- 
plored the short-sighted type of “education” that seems 
to be aimed primarily at placing the graduate as 
promptly as possible in his first job. Our attitude is 
based in part upon the convictions: (1) that the 
monetary standard is inadequate to evaluate success 
either in education or in the life for which education is 
presumably a preparation; (2) that the person who be- 
lieves he has been told that a good education is a 
guarantee of a good job all too often has cause to feel 
later that he has been deceived; and (3) that ‘‘educa- 
tion” that attempts primarily to fulfil the vocational 
promise is more than likely in the long run to defeat 
even its own too-limited ends. 

On the other hand, we have no desire to be hailed as 
comrade by that little clique of intellectual snobs who 
appear to believe that all simon-pure education must be 
highly impractical. Only the crackpots and the incom- 
petents ever argue seriously that ‘if you can sell it, it 
ain’t art.” 

An utter scorn for material things and utilitarian ends 
is the mark of a mind that refuses to face reality. All 
civilization, and all culture worthy of the name, must 
be built upon the foundation of an excess of material 
goods over that necessary for bare subsistence. This is 
a necessary, though not a sufficient requirement. It 
does not automatically follow that the wealthiest na- 
tion, still less the wealthiest individual, will make the 
greatest contributions to science, art, and literature. 
It nevertheless remains true that their opportunities are 
the greatest. Some men, and some states, are better 
managers than others. However, the hard, disagree- 


able fact remains that if opportunity be reduced to the 
vanishing point achievement ceases. 

We therefore find it difficult to see eye-to-eye with the 
educational ‘‘purists’”’ who maintain that it is no part of 
the function of education to prepare the student to 
make a living. To contend that it is possible to “live 
the good life” without the means of subsistence is to talk 
nonsense. 

It is a truism that man as a species has proved more 
adaptable to unfriendly physical environments and 
more capable of adaptation to changing environments 
than have the less intelligent animals. But man is even 
more especially distinguished from his brother brutes 
by the superior adaptability of the individual. If there 
be one criterion above all others that distinguishes the 
truly educated man it is the degree of his individual 
adaptability. 

In its basic essentials man’s conquest of his physical 
environment has been achieved. But that conquest 
has brought about not a static, but a dynamic equi- 
librium. Socially and economically, many of us are 
acutely (and uncomfortably) aware of a present state of 
flux. Some of us mistakenly suppose that this is an 
unhealthy and an unnatural state of affairs; they hope, 
at least, that it is a temporary state. They even do 
their puny best to try to freeze the human universe into 
some semblance of static order. 

If education is to face the realities successfully (and 
this includes vocational education) it must abandon all 
hope of searching out enduring pinnacles and planting 
its devotees firmly upon them. It must attempt rather 
to develop a sure-footed agility in the ever-necessary 
exercise of stepping from one temporary shifting foot- 
hold to another. Much present-day vocational educa- 
tion is bad, not because it is vocational, but because it 
is predicated upon a static world. 
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ROBERT HOOKE, CHEMIST 


CLARA DE MILT 


H. Sophie Newcomb Memorial College, Tulane University, New Orleans, Louisiana 


HE recent publication of the diary of Robert 

Hooke! has turned the attention of those interested 

in the history of science, particularly those inter- 
ested in the latter half of the seventeenth century, to the 
achievements and the influence of this truly remarkable 
man. His great work, the ‘‘Micrographia,” published 
in 1665, contains his theory of combustion, a theory 
similar to that of Dr. John Mayow which did not appear 
until 1674, except that whereas Dr. Mayow’s presenta- 
tion is indirect, rather complicated, at times even ob- 
scure, Hooke’s postulates are simply, clearly, and con- 
cisely stated. Why did Hooke’s theory make little or 
no impression on the development of chemistry of his 
own time and later? Why has it not been mentioned 
by those writing of this period who have taken pains to 
describe the work of Dr. Mayow? One can give only 
incomplete answers to these questions. For a period of 
about seventeen years, from February, 1663 to about 
1680, Hooke performed experiments before the Royal 
Society to prove the correctness of his theory. Besides 
these direct efforts he worked with Dr. Richard Lower 
in his experiments on respiration and was all during 
this period, according to the “Diary,” a very frequent 
visitor to the home and laboratory of Robert Boyle. 
There is no doubt that Hooke did all that he could to 
convince the members of the Royal Society of the sound- 
ness of his views on combustion. Their indifference?’ 
to his theory can best be explained by a consideration 
of the membership in the Society at the time as given 
by Bishop Sprat, first historian of the Royal Society,’ 
“But, though the Society entertains very many men of 
particular Professions; yet the farr greater Number are 
Gentlemen, free and unconfined,’ and by the fact 
that Hooke’s simple theory would not make an appeal 
to minds educated in the so-called scientific books on 
chemistry published at the time, steeped as most of 
them were in the fantastic conceptions of the later al- 
chemists. ‘That Hooke’s theory has been neglected by 
most historians of chemistry is most probably due to his 
never having written a single tract or book devoted en- 
tirely to the subjects of combustion and respiration, 
although he states his intention of doing so in the ‘Mi- 
crographia” and later in other publications. And in 
none of his published works does the title convey to the 

1 Ropinson, H. W. AND W. Apams, editors, ‘‘The diary of 
Robert Hooke,’’ Taylor and Francis, London, 1935. 

2 Lysacut, D. J., in an article, ‘‘Hooke’s theory of combus- 
tion,” published in Ambix, 1, 108 (1937), believes that Hooke’s 
“experimental work was responsible for staving off (in England) 
for a considerable time the adoption of the phlogiston theory.” 


3 Sprat, T., ‘The history of the Royal Society of London,”’ 
F. Martyn, London, 1667, p. 67. 


reader the idea that the contents are in part devoted to 
the phenomenon of combustion. 

Robert Hooke, son of a curate, was born at Fresh- 
water, Isle of Wight, July 18, 1635. From birth he 
must have been a sickly child, but despite his weakness 
he was agile and active. In later life his body was bent 
and crooked due to an illness which he seems to have 
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Joun Mayow (1643-1679) 


suffered about the age of sixteen years. His father, who 
intended this, his second son, for the ministry, taught 
him in his early years, but the boy’s poor health and his 
father’s own infirmities soon ended this instruction and 
the active boy was left to his own resources. Thus at 
an early age he busied himself with the construction of 
mechanical toys and in imitation of a painter, who came 
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to the neighborhood for a short time, Robert Hooke 
began to draw and paint, making his own materials. 
When he was thirteen years old his father died and he 
was sent to London to be apprenticed to a painter, 
Peter Lely. The odor of paints made him sick, so with 
the hundred pounds left him by his father and intended 
as a premium for Lely still in his possession, he entered 
Westminster School then under the direction of the 
famous Dr. Busby, in whose home he lived. While at 
this school Hooke learned to play the organ, and 
throughout his life he was interested in music and 
musical instruments. 

In 1653 he entered Christ Church College, Oxford, 
having secured a chorister’s place,‘ “‘which was a pretty 
good maintenance’’ and Hooke further increased his 
meager funds by acting as a servitor. The nucleus of 


Rosert Boye (1627-1691) 


the future Royal Society was gathered in Oxford at this 
time, the leader of this “‘experimentall philosophical 
clubbe,” Dr. John Wilkins, having moved from London 
in 1649 to become the Warden of Wadham College. 
Dr. Wilkins became interested in Hooke, as did other 
members of the group. In the ‘Diary’ Hooke relates 
the last illness and death of Dr. Wilkins, referring to 
him as Lord Chester. Hooke’s investigations in chem- 
istry began in the laboratory of Dr. Thomas Willis 
when Hooke became the assistant to this physician in 
his chemical experiments. In 1654 Robert Boyle 


4 CrarK, A., editor, ‘‘Aubrey’s brief: lives,’’ Oxford University 
Press, Oxford, England, 1899, Vol. 1, p. 410 
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moved to Oxford and erected a laboratory, adjoining 
University College.® According to Aubrey, who was an 
intimate friend of Hooke’s, Dr. Willis® “recommended 
him to the hon'* Robert Boyle, esqre, to be usefull to 
him in his chymicall operations. Mr. Hooke then read 
to him (R. B. esqre) Euclid’s Elements and made him 
understand Des Cartes’ Philosophy.”” Hooke worked 
in Boyle’s laboratory in Oxford from about 1655 until 
late in the year 1662 when he moved to London to be- 
come curator of experiments of the Royal Society, a 
post which he filled until his death in 1703. 

It is certainly unfortunate that no detailed account 
of the chemical researches carried out by Boyle and 
Hooke in Boyle’s Oxford laboratory has come down to 
us, so that it is not possible to estimate just how much 
Hooke’s scientific instinct and mechanical ingenuity 
contributed to the success of Boyle’s experiments and 
discoveries. About 1659 Hooke contrived and per- 
fected the air pump for Boyle according to the testi- 
mony of both Boyle and Hooke, and Hooke certainly 
helped with the experiments. Boyle published the ac- 
count at Oxford in 1660 in a book entitled ‘‘New Ex- 
periments Physico-Mechanical Touching the Spring of 
the Air.” The term “‘spring of the air’’ was most prob- 
ably originated by Hooke as at this same time he was 
working on the balance spring for matches. Boyle's 
“The Skeptical Chymist” belongs to this period; it 
was published in 1661. One should mention here that 
according to James’ the credit for the discovery of 
Boyle’s law must be divided among Boyle, Hooke, and 
Townley, Boyle receiving the largest share. Hooke 
demonstrated the law for pressures of less than one at- 
mosphere and for pressures up to two atmospheres in 
Boyle’s laboratory. The account of his work was pub- 
lished in the ‘“‘Micrographia”’ in 1665, the work having 
been submitted to the Royal Society in 1664. From his 
experiments Hooke agreed with Townley’s hypothesis 
that ‘‘the Elater of the Air is reciprocal to its extension 
or at least very near.” But neither Hooke nor Boyle 
appreciated the importance of the discovery. It was 
left to Mariotte to formulate the law that the air is 
compressed in proportion to its weight in his book “Dis- 
cours de la Nature de 1’Air,”’ published in 1676. The 
published “Diary” covers the period from August, 1672 
through December, 1680 but there is no mention of 
Mariotte after 1673. In 1672 Hooke purchased a book 
by the ‘‘French Marriott” and early in 1673 he bought 
another by him on motion. 

In 1655 Hooke began to attend the meetings of the 
“Invisible College’”’ as Boyle called the nucleus of the 
future Royal Society and from this time on the members 
of the group, many of whom came to occupy prominent 
positions in England in the late seventeenth century, 
became his friends. Among his special friends may be 
mentioned Dr. Wilkins, Dr. Goddard, Christopher 


5 Woop, A. A., “Fasti Oxoniensis,” 3rd ed., F. C. and J. 
Rivington, London, 1813-1820, Vol. 5, p. 287. 

6 ““Aubrey’s brief lives,” op. cit., Vol. 1, p. 411. 

7 JaMES, W. S., ‘‘The discovery of the gas laws,” Sct. Progr., 
20 (90), 263-72 (Oct., 1928). 
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Wren, and Robert Boyle, though Hooke must have 
known many of the others very well judging by the 
number of references to them in the “Diary.’’ His 
friendship with Boyle is of special interest to chemists. 
Hooke in later life had many misunderstandings with 
gientific men of his day over the matter of Hooke’s 
priority in certain discoveries and inventions. What- 
ever may be said of these quarrels, and much has been 
said, there is nothing in Hooke’s diary that would lead 
us to believe that Boyle and Hooke ever had such a 
misunderstanding. On the contrary the ‘Diary’ 
shows that the strong friendship established between 
them in Oxford remained unchanged throughout Boyle’s 
life. Boyle died in December, 1691, and in his will he 
did not forget ‘‘Rob. Hooke.’’® 

By the year 1659 the larger number of the Oxford 
group had migrated to London. Boyle spent most of 
his time in London, though he maintained .a resi- 
dence in Oxford until 1671. In that year he moved 
to London where he lived at the home of his 
sister, Lady Ranalagh. Robert Hooke built Lady 
Ranalagh’s house in Pall Mall, near the site of the pres- 
ent Admiralty Arch and he also built a laboratory for 
Boyle adjoining it. Dr. Goddard had moved to Lon- 
don and had lodgings in Gresham College, where he was 
Professor of Medicine and in which lodgings he ‘‘had 
his laboratory for Chymistrie.’”? The “Invisible Col- 
lege’”’ usually met at Gresham College in the college 
parlour. Out of these meetings grew the Royal So- 
ciety founded in 1662 ‘‘for the Improvement of Natural 
Knowledge.’”’ The Society soon realized that it could 
not depend on the good will and interest of the Fellows 
for experiments every Thursday afternoon, the usual 
time of meeting, and that it would be necessary to em- 
ploy someone who could do this with regularity. Ac- 
cording to Aubrey” Boyle recommended Hooke as 
curator of experiments, ‘‘wherein he did an admirable 
good worke to the Commonwealth of Learning, in 
recommending the fittest person in the world to them.”’ 
H. W. Robinson, in his brief sketch of Hooke’s life says" 
of Hooke’s service to the Society, ‘“Thus began the as- 
sociation with the Society and the responsibility of 
regularly conducting experiments for the Society, which 
continued for the next forty years, until his death. 
At the age of twenty-seven Hooke had entered the po- 
sition for which his special gifts and interests seemed 
almost to destine him; the Journal Books of the So- 
ciety for the next four decades show with what assiduity 
and fertile ingenuity he discharged the duties of his 
office. There can be no doubt that Hooke was the one 
man who did most to shape the form of the new So- 
ciety and to maintain its active existence. Without 
his weekly experiments and prolific work the Society 
could scarcely have survived, or, at least, would have 
developed in a quite different way. It is scarcely an 
exaggeration to say that he was, historically, the creator 





8 Woop, A. A., op. cit., Vol. 5, 287. 

9 “Aubrey’s brief lives,’’ op. cit., Vol. 1, 268. 

10 “Aubrey’s brief lives,’ op. cit., Vol. 1, p. 411. 
11 “The diary of Robert Hooke,”’ op. cit., p. XX. 
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of the Royal Society.”” The results of the appointment 
on Hooke’s development and his own achievements are 
a matter for argument. He had already shown a wide 
diversity of interests in Oxford. The experiments 
carried out from 1662 on to satisfy the interests of the 
exceedingly varied membership of the Society further 
broadened but did not deepen his studies. Hooke’s 
responsibilities as curator of experiments and as gen- 
eral manager, if we are to believe certain remarks in the 
“Diary,” made it almost impossible for him to pursue 
one line of investigation. 

The Society received its Royal charter July 15, 1662,!” 
and July 27, 1664, agreed to nominate Hooke as curator 
with a salary of eighty pounds a year, to be raised by 
subscription, and with lodgings in Gresham College. 
On December 14, 1664, the Society confirmed his ap- 
pointment as curator for perpetuity at thirty pounds 
per annum, fifty pounds per annum having been of- 
fered by Sir John Cutler, one of the merchants of the 
city, for lectures to be delivered by Hooke at Gresham 
College—known as the Cutlerian lectures. Through 
the influence of the members of the Society he was 
elected by the Gresham Committee Professor of Geome- 
try March 20, 1665, which position he held until his 
death. One would suppose from this account so far 
that Hooke was doing well financially. This is far from 
the truth. His salary as curator was paid with little 
if any regularity; the difficulties about the payments 
due from Sir John Cutler were even greater. In 1688 
Hooke took the matter to court. The suit was settled 
eventually in 1696 in Hooke’s favor, three years after 
the death of Sir John Cutler, when Hooke himself was 
sixty-one years old. 

The ‘‘Micrographia,” printed in 1664 and submitted 
to the Royal Society, was published in April, 1665. It 
is the first treatise on the microscope in which the 
observations are recorded in detail. Its publication 
made microscopy popular. Samuel Pepys, the diarist, 
bought a copy and prized it very highly. Shortly after 
its publication the plague appeared in London. Hooke 
left London with Sir William Petty and Dr. Wilkins 
for Durdans, at Epsom, then the residence of the Earl 
of Berkeley. He returned to Gresham College early 
in 1666 and the Society, which had adjourned during 
the visitation of the plague, met again March 14, 
1666. On September 2, 1666, the Great Fire broke out, 
destroying the greater part of the city and a new phase 
of the career of Robert Hooke began, for from this 
time on much of his time was occupied as an architect 
and builder. Before the ruins of the city had ceased 
burning he presented a model for the rebuilding of 
London to the Royal Society which was approved by 
the Society and two days later, September 21st, by the 
Council of the city of London. As a result of this 
effort and of his other activities, which should most 
certainly include his constant attendance at coffee 
houses and taverns, of which over one hundred fifty 
are mentioned in the ‘Diary,’ where Hooke had 


12 Masson, I., ‘‘Three centuries of chemistry,’’ The Macmillan 
Co., New York City, 1926, p. 43. 
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made the acquaintance of people of all classes of any 
importance in London, he was appointed October 4, 
1666, as one of the Surveyors of the city. His friend, 
Christopher Wren, was appointed a Surveyor by the 
King, Charles II. According to the records preserved 
in the Guildhall, Hooke was the most active of the 
surveyors. During the period covered by the “‘Diary,”’ 
1672-1680, Hooke was the architect and builder of the 
Monument, Bedlam Hospital, Montague House, Lady 
Ranalagh’s house, Merchant Taylors Hall and part of 
the College of Physicians. This period is probably the 
most active and productive of his life. 

The last years of his life must have been sad and 
disappointing. His contemporaries certainly recog- 
nized his great worth and ability and respected his 
knowledge, but they did little or nothing to show in a 
material, tangible way that the development of science 
in England and the success of the Royal Society owed 
much to him. One can sense in the “Diary” that 
Hooke realized that his labors were often unappre- 
ciated. On December 17, 1691, he took the oath be- 
fore Sir Charles Hedges in Doctors’ Commons for the 
Degree of “Doctor of Physic’ but this honor could 
have meant very little to him at the time. He was too 
keen a judge of men and the times not to have realized 
that the center of scientific interest in England was 
Isaac Newton. Many of his friends died during the 
period covered by the Diary; Grace, his only brother’s 
child, who had kept house for him died in 1687; his 
devoted friend, Robert Boyle, at whose home he dined 
at least once a week died in 1691; his own health could 
not have improved with age. He worked on, however, 
almost to the end of his life. His last invention made 
in 1700 was that of the Marine Barometer, described 
by Halley in the ‘Philosophical Transactions.” 

In 1697 he complained of swelling in the legs and 
had scurvy. His last appearance at a council meeting 
of the Royal Society was on April 1, 1702. The last 
thing he wrote was a memorandum, believed to have 
been written December 17, 1702, of an instrument for 
measuring the horizontal diameter of the sun to the 
tenth of a second. He died March 3, 1703, in his 
lodgings in Gresham College; the next day or day after 
his body was carried across Bishopsgate Street in the 
presence of the Fellows of the Royal Society to St. 
Helen’s Church and was buried in the chancel. The 
exact spot of the grave is not known. There is a 
window of five lights at the west end of the Nuns’ 
Choir of the church to the Worthies of St. Helen’s— 
Hooke’s name is there. 

Hooke in his prime must have been a shrewd busi- 
ness man, who realized his worth as a scientist, an 
experimenter, a builder, a director, as curator of the 
Royal Society. According to Waller, the Secretary of 
the Royal Society who edited his ‘“‘Posthumous Works,”’ 
Hooke was an avaricious man, a miser who deprived 
himself of the very rlecessities of life to collect gold and 
silver in a large iron chest. That this is not the truth 
is evidenced by the “Diary”’ on practically every page. 
He must have made a great deal of money after the 
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Great Fire as a builder. Sunday, December 31, 1676, 
he wrote a summary of his financial affairs and this 
memorandum shows that he had to his credit, not yet 
paid to him thirteen hundred pounds, of which Sjr 
John Cutler owed him three hundred twenty-five 
pounds for lectures already given for the past six and 
one-half years, the Royal Society thirty pounds and 
Sir Christopher Wren one hundred fifty pounds due 
him for work on churches. He himself owed very 
little and a fair share of this was for shoes of which he 
seems to have needed many. One of the entries shows 
the spirit of the man: ‘Much love to all my friends 
I owe.’”*® It has been said that he meant to leave 
part of his fortune for the building of an edifice for the 
Royal Society to house a Library, a Repository and a 
Laboratory and part to endow a Physico-Mecanik 
Lecture, but he failed to make a will, so died intestate, 
and his effects were sold at public auction. 

There is no portrait of him. There may be one, 
however, as the “Diary” records that on October 16, 
1674, “Mr. Bonust drew picture.’’'* Aubrey’s de- 
scription of him is of about the year 1680," “He is of 
midling stature, something crooked, pale faced, and 
his face but little belowe, but his head is lardge, his 
eie full and popping, and not quick; a grey eie. He 
haz a delicate head of haire, browne, and of an excellent 
moist curle.”’ 

Hooke must have begun his investigations on com- 
bustion while working in Boyle’s laboratory before 
1661. In his first publication, a small tract, published 
in Oxford in this year, he says,'® ‘And as to the Rising 
of Oyl, melted Tallow, Spirit of Wine etc., in the Weeck 
of a Candle or Lamp, it is evident, that it differs in 
nothing from the former, save only in this, that in a 
Filtre the Liquor descends and runs away by another 
part, and in the Weeck the Liquor is dispersed and 
carried away by the Flame (which what it is and how 
it consumes bodies, I shall on some other occasion by 
many luciferous Experiments manifestly prove) some- 
thing there is ascribable to the heat, for that it may 
rarefie the more volatil and spirituous parts of those 
combustible Liquors 

The experiments were carried out and the explana- 
tion of the results appeared in the ‘‘Micrographia.” 
As one reads this first modern interpretation of com- 
bustion and notes that it is tucked away in Observ. 
XVI, “Of Charcoal, or Burnt Vegetables,’’ one is 
forced to agree with an observation of Hooke’s given in 
the Preface to the ‘‘Micrographia,’”’!” “‘so that ’tis no 
wonder, that our power over natural causes and effects 
is so slowly improv’d, seeing we are not only to contend 
with the obscurity and difficulty of the things whereon 
we work and think, but even the forces of our own minds 
conspire to betray us.” So reasonable, almost self- 


13 “The diary of Robert Hooke,” op. cit., p. 265. 

14 Ibid., p. 127. 

16 ‘‘Aubrey’s brief lives,” op. cit., p. 411. ; 

16 LysaGuT, D. J., ‘‘Hooke’s theory of combustion,’’ Ambzx, 
1, 108 (Dec., 1937). 

7 “Extracts from Micrographia,’’ Alembic Club Reprints 
Number 5, The Alembic Club, Edinburgh, 1902. p. 7. 
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evident did Hooke’s hypotheses appear to him that 
he failed to realize the importance of his ideas, nor did 






not yet @ he appreciate how much at variance they were with the 
ich Sir J jdeas of combustion prevalent at the time and this in 
ity-five J spite of his constant purchase of books of the period. 
ix and #f The hypotheses as given in Alembic Club Reprint 





























ds and Number 5 may be condensed as follows. 
ds due “First, that the Airin which we live, move, and breathe, 
1 very . is the menstruum or universal dissolvent of all 
lich he J Sulfureous bodies. 
Shows “Secondly, that this action it performs not, till the 
Tiends J body be first sufficiently heated, as we find requisite 
leave # also to the dissolution of many other bodies by several 
or the other menstruums. 
and a “Thirdly, that this action of dissolution, produces or 
canik @ generates a very great heat, and that which we call 
‘State, ree 
“Fourthly, that this action is perform’d with so great a 
one, violence, and does so minutely act, and rapidly agitate 
ar 16, the smallest parts of the combustible matter, that it 
S de- produces in the diaphanous medium of the Air, the 
is of action or pulse of light, which what it is, I have else- 
and where already shewn. 
*, his “Fifthly, that the dissolution of sulphureous bodies is 
He made by a substance inherent, and mixt with the Air, 
Lent that is like, if not the very same, with that which is 
fixt in Salt-peter,..... 
com ‘Sixthly, that in this dissolution of bodies by the Air, 
fore a certain part is united and mixt, or dissolv’d and 
shed turn’d into the Air, and made to fly up and down with 
sing eae 
peck “Tenthly, therefore the dissolving parts of the Air 
$ in are but few, that is, it seems of the nature of those 
in a Saline menstruums, or spirits, . ., and therefore a 
ther small parcel of it is quickly glutted, and will dissolve’ 
and no more; and therefore unless some fresh part of this 
10W menstruum be apply’d to the body to be dissolv’d, 
by the action ceases, . . .; whereas Salt-peler is a men- 
me- struum, when melted and red-hot, that abounds more 





with those Dissolvent particles, and therefore as a 













lay 
ose small quantity of it will dissolve a great sulphureous 
body, so will the dissolution be very quick and violent. 
1a- ‘Therefore in the Eleventh place, it is observable that 
a as in other solutions, if a copious and quick supply of 
m- fresh menstruum, though but weak, be poured on, or 
rv. applied to the dissoluble body, it quickly consumes it: 
is So this menstruum of the Air, if by Bellows, or any 
in other such contrivance, it be copiously apply’d to the 
10 shining body, is found to dissolve it as soon, and as 
ts violently as the more strong menstruum of melted 
id Nitre. 
yn “Therefore twelfthly, it seems reasonable to think 
ls that there is no such thing as an Element of Fire that 





should attract or draw up the flame, or towards which 
the flame should endeavor to ascend out of a desire or 
appetite of uniting with that as its Homogeneal primi- 
tive and generating Element; but that that shining 
transient body which we call Flame, is nothing else but 
a mixture of Air, . . and the combustible volatil 
parts of any body. ... 
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‘This Hypothesis I have endeavoured to raise from 
an Infinite of Observations and Experiments, the 
process of which would be much too long to be here 
inserted, and will perhaps another time afford matter 
copious enough for a much longer Discourse, the Air 
being a Subject which (though all the world has 
hitherto liv’d and breath’d in, and has been unconver- 
sant about) has yet been so little truly examin’d or 
explain’d, that a diligent enquirer will be able to find 
but very little information from what has been (till of 
late) written of it: But being once well understood, it 
will, I doubt not, inable a man to render an intelligible, 








Sir Isaac NEwTon (1642-1727) 
This portrait hangs in the Pepys Library at Cambridge 
University. It appears in the JouRNAL oF CHEMICAL Epu- 
CATION through the courtesy of Walter Adams. 


nay probable, if not the true reason of all the Phae- 
nomena of Fire’. . . 

In the first ten chapters of his book ‘‘Tractatus 
medico-physici’’’ published in 1674, Dr. John Mayow 
discusses a theory of combustion similar to Hooke’s. 
He includes also its application to respiration and 
describes many beautiful experiments to illustrate his 
ideas. It is believed today that the source of Mayow’s 
ideas, even of many of his experiments, was the work of 
Hooke and Boyle. Mayow entered Wadham College, 
Oxford, in 1658 and was elected to a fellowship in All 





18 Mayow, J., ‘‘Medico-physical works,’’ Alembic Club Re- 
prints, No. 17, The Alembic Club, Edinburgh, 1907, pp. 1-147. 
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Souls College in 1660. Possibly Mayow worked in 
Boyle’s laboratory with Hooke part of the time he was 
in Oxford. Mayow was Hooke’s friend, and so far as 
we know there was never any disagreement between 
them. It was Hooke who proposed Mayow’s name as 
a Fellow of the Royal Society, November 30, 1676. 
Hooke may have hoped to have Dr. Mayow as an ally 
in his struggle to convince by experiments the members 
of the Royal Society of the soundness of his theory. 
One of the few references in the ‘Diary’? from which 
one can get an idea of Hooke’s feeling toward his 
friends relates to Mayow. On Saturday, November 
8, 1679 he writes,’ ‘“Mayow Dead a month since.” 
The Royal Society began its inquiries on combustion 
and the air in February, 1663, probably at the sugges- 
tion of Hooke, possibly at Boyle’s suggestion. The 
scheme for the investigation brought in by Hooke at 
the next meeting appears to have grown out of his own 
work on combustion and his work with Boyle on ex- 
periments with the air-pump, for he was interested in 
the nature of the ‘‘spring”’ of the air, of its extent and 
height, of the composition of its particles. In this 
early period there were others who furnished experi- 
ments. Lord Brouncker’s paper,” “Of the Weight of 
Bodies increased in the Fire,’’ was published in Bishop 
Sprat’s ‘History of the Royal Society.”” When Samuel 
Pepys was admitted to membership Hooke was dem- 
onstrating the necessity of a supply of air in the process 
of combustion. Pepys wrote of February 15, 
1664,".. . .. “Thence with Creed to Gresham College, 
where I had been by Mr. Povy the last week proposed 
to be admitted a member; and was this day admitted 
by signing a book and being taken by the hand of the 
President, my Lord Brouncker, and some words of 
admittance said to me. But it is a most acceptable 
thing to hear their discourse, and see their experiments 
which were this day on fire, and how it goes out in a 
place where the air is not free, and sooner out where 
the air is exhausted, which they showed by an engine 
on purpose. After this being done, they to the Crown 
Tavern, behind the ‘Change and there my Lord and 
most of the company to a club supper; Sir P. Neale, 
Sir R. Murray, Dr. Clerke, Dr. Whistler, Dr. Goddard, 
and others of the most eminent worth. Above all, 
Mr. Boyle was at the meeting and above him Mr. 
Hooke, who is the most and promises the least, of any 
man in the world that I ever saw. Here excellent dis- 
course till ten at night, and then home.” In 1667 the 
problem was again attacked, but this time the interest 
was not so much in what we would call the effect of the 
pressure of the air surrounding the combustible and 
in the calcination of metals but in the part the air 
played in respiration. Many of the experiments were 
tried with birds. Hooke’s experiments and discourses 
continued and his belief in the fundamental postulates 
of his theory did not change. In the “Diary,’’ October 


19 “The diary of Robert Hooke,”’ op. cit., p. 430. 

2 Sprat, T., op. cit., p. 228. 

21 “‘The diary of Samuel Pepys,’’ Everyman’s Library, E. P. 
Dutton & Co., New York City, 1923, Vol. 1, p. 556. 
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19, 1675, he records his observation of the hollowness 
of the flame of a candle. In the opening paragraph of 
“Lampas” published in 1676 he refers to the ‘Hy. 
pothesis of Fire and Flame’ published eleven years 
before. In 1681 in his lectures on light he once more 
referred to his theory and again in 1682 in writing of 
comets. Comets interested Hooke. On January 31, 
1676, he records that he sat up to observe a comet and 
dreamt strangely afterward; on November 22, 1680, 
he records his observation of Halley’s Comet and 
December 30th of the same year he sat up all night ob- 
serving it. 

During the period of the investigation of combustion 
by the Royal Society, another great scientific genius 
was working in the same field. Isaac Newton began 
his experiments in chemistry about 1661 in a laboratory 
in or near his lodgings in Trinity College, Cambridge, 
and he pursued his inquiries until about 1696.72 New- 
ton published nothing, however, on the subject until 
1704, one year after Hooke’s death. The summary of 
his work in chemistry during this period of over thirty 
years, most of which must have been concerned with 
calcination and the properties of metals, was published 
as a series of queries, appended to his book on optics. 
The ideas given here on combustion are very, very 
much like those of Hooke. It is my opinion that if 
Hooke had collected in one volume all his experimental 
work on combustion and respiration and had published 
it in 1680 (by which time he had finished most of it) 
and if Sir Isaac Newton had recognized publicly the 
reasonableness and value of Hooke’s theory and had 
given it his support, the theory would have received 
the consideration it deserved. Its acceptance would 
have made possible the organization of chemistry at 


the beginning of the eighteenth century. There would 


have been few followers of the Phlogiston Theory and 
much valuable time would have been saved on the 
pursuit of such topics as the negative weight of phlo- 
giston. Many reasons can be offered to explain New- 
ton’s attitude toward Hooke’s work. Newton always 
made every effort to uvoid adverse criticism of his 
ideas and his work; he thoroughly disliked controver- 
sies; the explanation of combustion was a controversial 
subject at this time. It is very probable also that 
Newton was influenced in his attitude toward Hooke 
and Hookg’s worth by Henry Oldenburg, first Secre- 
tary of the Royal Society whom Hooke disliked and 
mistrusted, whom Andrade** calls “an oblique, in- 
triguing and toadying individual, jealous of Hooke’s 
fame and his earnings.’’ 

Not long after the acceptance of Lavoisier’s work in 
England, John Robison in the notes and observations 
appended to volume one of his edition of Joseph Black’s 
lectures on chemistry devoted four pages*‘ to a sum- 


22 NEWELL, L. C., ‘‘Sir Isaac Newton, 1727-1927,’ The Wil- 
liams and Wilkins Co., Baltimore, Md., 1928, pp. 203-55. 

23 ANDRADE, E. N.-pDA C., ‘“‘Robert Hooke and his contempo- 
raries,” Nature, 136, 360 (Sept., 1935). 

24 Rosison, J., “Lectures on the elements of chemistry,” 
First American Edition, M. Carey, Philadelphia, Pa., 1807, Vol. 
1, pp. 376-80. 
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lowness 
raph of @ ideas. Robison referring to Lavoisier’s theory says, 
> “Hy. § “This Theory, so opposite, as Black observes, to the 
| years @ Theory of Stahl, is not so recent as is generally imag- 
€ more ined. It was seen, in all its extent and importance, by 
ting of Robert Hooke, one of the greatest geniuses and most 
ry 31, @ ardent inquirers into the operations of nature,.....”’ 
et and Further on Robison says, ‘I do not know a more 
1680, @ unaccountable thing in the history of science, than the 
t and @ total oblivion of this theory of Dr. Hooke, so clearly 
ht ob- expressed, and so likely to catch attention.” 
There has been much written of late on the discovery 
ustion of phosphorus and its introduction from Germany 
genius § into England and France. Phosphorus was intro- 
began @ duced into England in 1677 and the first time any 
ratory § notice of it appeared in print in English was in a paper 
ridge, written by Boyle of a report given before the Royal 
New- @ Society. This report was published in 1678 with the 
until title, ‘‘Mr. Boyle’s Observations made on two new 
ury of Phosphori of Mr. Baldwin and Mr. Craft,” in ‘The 
thirty Lectures and Collections made by Robert Hooke,” 
with then Secretary of the Royal Society. Baldwin's 
lished § phosphorus (phosphorescent calcium nitrate) is men- 
ptics. tioned by Hooke, January 4, 1677.% ‘Oldenburg 
very produced the Phosphorus Baldwini, ’Twas affirmed 
lat if @ that it shined best. I could not perceive it.’’ Hooke’s 
ental record also shows that a letter from Krafft, a German 
ished chemist, whose name Hooke spells Crafts, about 
of it) phosphorus was presented to the Society at its meeting 
r the of May 17, 1677. Krafft evidently came to London 
had late in the summer of this year where he exhibited 
ived specimens of the element. Several men must have 
‘ould seen his demonstrations and later learned to prepare 
y at phosphorus. Boyle, however, seems to have been the 
ould only one who prepared it in any quantity and who 
and accurately described its glowing.*® Boyle prepared it 
the from urine and it is possible that he may have had 
hlo- suggestions from Hooke in his experiments for when 
lew- Hooke was working in the laboratory of Dr. Willis 
yays in Oxford, Dr. Willis was interested in urine. Boyle, 
his according to his own statement, was visited by Krafft 
ver- on September 15, 1677, and shown phosphorus. Part- 
‘sial ington in his ‘‘Early History of Phosphorus’’*’ says, 
hat “On September 22, Krafft came and saw Boyle alone, 
oke and was then able to show him an experiment which 
cre- had failed on the 15th, viz., the ignition of gunpowder 
and after a short interval in contact with a piece of warm 
in- phosphorus taken up on a quill pen.’’ This is the sub- 
e’s stance of the account given by Hooke, also dated 
September 22, 1677.% “. . . Dind with Mr. Harvey. 
in Saw Crafts fire gunpowder with his powder thus: 
ons putting as much gunpowder as would lye on a 6d. on a 
k’s peice of white paper, he dryd or warmd it over a 
m- chaffing dish of charcoles, then whilest the powder 
Vil- 
% “The diary of Robert Hooke,” op. cit., p. 266. 
D0- % PARTINGTON, J. R., “Inorganic chemistry,” 5th ed., The 
Macmillan Co., New York City, 1937, p. 609. 
I 2 PaRTINGTON, J. R., ‘The early history of phosphorus,” 
ol. Sci. Progr., 30 (119), 405 (Jan., 1936). 





% ‘The diary of Robert Hooke,” op. cit., p. 314. 
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was yet warm he touchd it with a 10th part of a graine 
of his white powder which was putt into the pith of a 
quill and it immediately took fire. ‘Then he brused with 
the point of a knife and with his naile a very little of 
the same white powder on a peice of white paper and 
as soon as ever it was warmed over the fire it waxed 
afire and fired the paper. Both were exceeding strange 
and much more than I had ever seen, By water with 
Crafts and Slayer to the old Swan, To Jonathans with 
Hill &c.’’ Hooke was with Boyle on September 27th 
and also with Krafft and Pappin, a French inventor 
and scientist, at the Green Dragon, On October Ist 
Hooke records that he walked with Boyle in the garden 
and had much discourse with him about printing his 
(Boyle’s) discourse of phosphorus. On October 3rd 
Hooke gave Boyle a copy of Elsholtz. Elsholtz pub 
lished two papers on phosphorus: one in 1676 and 
another in 1677. There is nothing to indicate which 
tract Boyle received. ‘This entry is interesting, for 
Partington says in his paper that Boyle could not 
procure the paper by Elsholtz, On February 20, 
1678 Hooke mentioned the “Preface to Boyles phos 
phorus.” 

Many others in London must have prepared phos 
phorus at the time, On March 13th Hooke “spake with 
Mr. Boyle and saw Mr. Sleyers phosphorus.’’ On May 
23rd he was “‘at Mr. Slayers and Mr. Harveys borrowed 
phosphorus of Slayer.’’ Nothing more of phosphorus 
is mentioned in the ‘Diary’ until September 7, 1679 
when Hooke records that he told Sir J. Hoskins of 
“Pappin’s Receipt for Phosphorus.” On August 13, 
1680, Hooke was “at Mr. Boyles about his book’’ 
and on December 28th the entry reads “. . . Directed 
Mr. Boyles chimny, he gave me a guilded book of 
phosphorus.” This was the first book on phosphorus 
printed in English and bore the title, “The Aerial 
Noctiluca, or some new phenomena and a Process of a 
Factitious Self-shining substance, imparted in a letter 
to a Friend living in the country.” Quaere in the man- 
ner of Aubrey: could the friend living in the country 
have been Isaac Newton whose letters to Boyle Hooke 
had read on December 24, 1679? 

The “Diary” so much quoted in the account above is 
not really a diary like the diaries of John Evelyn and 
Samuel Pepys, both of whom knew Hooke and admired 
him. It is rather a collection of memoranda kept by 
Hooke for his own use. Aubrey indicates that Hooke’s 
memory was not always reliable,” ‘‘Now when I have 
sayd his inventive faculty is so great, you cannot imag- 
ine his memory to be excellent, for they are like two 
bucketts, as one goes up, the other goes downe,”’ and 
he must have found it necessary to keep certain records 
of his affairs, when his activities as an architect and 
builder increased enormously the details which he had 
to remember in order to keep up with his many in- 
terests. In his life time, despite his ill health, he 
accomplished an amazing amount of work, involving 
the use of his mind and his hands. He must have 
been a great reader in all the fields of science, and he 


29 “‘Aubrey’s brief lives,” op. cit., p. 411. 
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purchased, borrowed, and loaned books of all kinds, 


many of which dealt with chemistry. A full account of 
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Hooke’s life, his work, and his influence has yet to be 
written. 





The EFFECT of the NATURE of the 
COURSE on ACHIEVEMENT in 
FIRST-YEAR COLLEGE CHEMISTRY 


PAUL E. CLARK 


Muskingum College, New Concord, Ohio 


HE whole subject of the improvement of science 

instruction at both the high-school and the college 

level is now being studied vigorously by several 
groups as well as by many individuals. 

For instance, the Committee on Tests of the Ameri- 
can Association of Physics Teachers has done much re- 
search on the effect of high-school physics on achieve- 
ment in college physics. Some conclusions were given 
in the third annual report.!. Also the Committee on 
Examinations and Tests of the Division of Chemical 
Education and the American Council on Education 
have been working coédperatively on the construction, 
distribution, and use of better tests in chemistry at the 
high-school and the college level.? 

Several papers have been published rather recently 
dealing with the effects of a high-school course in chem- 
istry on student success in beginning college chemistry. 
Unfortunately some of these studies were not carried 
out in such a manner as to enable the investigators to 
arrive at valid conclusions. Other investigations have 
been reported in which definite attempts were made to 
control conditions so as to enable the investigators to 
identify effects associated with the taking or the not 
taking of high-school chemistry. Some such reports 
have been made by Noll* and by Clark.*® 

Very little research has been reported, however, on 
the effect of the nature of the first-year college chemis- 
try course on achievement in college chemistry. In 
many colleges all first-year chemistry students are sec- 
tioned together, regardless of previous training (or lack 
of it) in the subject. In other colleges some attempt is 
made to section students on the basis of previous train- 


1 “The 1935-36 college physics testing program,’’ Supplement 
to The American Physics Teacher, 4, 153-66 (Sept., 1936). 

2? “The 1935-36 college chemistry testing program,” J. CHEM. 
Epuc., 14, 229-31 (May, 1937). 

* Nott, V. H., “Laboratory instruction in the field of in- 
organic chemistry,”’ University of Minnesota Press, Minneapolis, 
Minn., 1930, pp. 104-7. 

* Muskincum CoLLece Facutty, “A college looks at its 
program,’’ Musxingum College, New Concord, Ohio, 1937, pp. 
57-64. 

5 CLarK, P. E., ‘‘The effect of high-school chemistry on achieve- 
ment in beginning college chemistry,” J. Cuem. Epuc., 15, 285-9 
(June, 1938). 


ing in chemistry, scores earned on chemistry aptitude 
tests and the like. 

Glasoe,*’ especially, has contended that the students 
who submit chemistry as an entrance credit should be 
given a more advanced course in first-year college chem- 
istry than those who have had no training in chemistry, 

Glasoe’s reasoning and conclusions seem logical. 
However, it appears to this writer to be a better peda- 
gogical practice to section chemistry students on the 
basis of their probable chances for success in chemistry 
rather than merely on the basis of previous training in 
the subject. This would mean that most of those with 
high-school chemistry would go into the more advanced 
course but that some with high-school chemistry would 
be placed in the elementary course because of their 
probable inability to succeed in the advanced work. 
This is the way in which chemistry students are sec- 
tioned at Muskingum now. Regardless of the manner 
in which first-year chemistry students are divided, it 
seems desirable to try to determine if it is worth while 
to offer ‘wo different courses in first-year college chem- 
istry, 7. e., an elementary freshman course and also an 
advanced freshman course. 

The purpose of this study was to determine if those 
students who took the advanced course (Chemistry 121) 
really achieved more than those who took the elemen- 
tary course (Chemistry 111). The percentiles earned 
by the students at the end of the first semester on a 
chemistry training test® (end-test) were used as the 
criteria of achievement. The study was limited to the 
freshmen and sophomores who had high-school chemis- 
try credit and who took the first semester of first-year 
chemistry at Muskingum College during the school 
years 1935-36 and 1936-37. 

Since the purpose of the research was to try to deter- 
mine the effects of the course on achievement, it was 
thought desirable to try to control other important fac- 
tors in success in chemistry. It was obviously impos- 


6 Grasog, P. M., “Residue of high-school knowledge utilizable 
in college chemistry,” ibid., 10, 571-4 (Sept., 1933). 

7 Giasog, P. M., “The chief sin in first-year college chemistry 
teaching,’’ zhid., 15, 14-6 (Jan., 1938). 

8 “Towa Placement Examination,” New Series C. T., Form X 
(1930) and “Iowa Placement Examination,” Series C. T., Re- 
vised A (1925). 
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sible to control all factors other than the course, so as 
extensive a preliminary investigation was made as pos- 
sible to determine which factors should be controlled. 
Also, it was known that if the most important ones were 
controlled, it would be unnecessary to control the less 
important ones as far as practical purposes were con- 
cerned. 

Data on the following points were available for all 
students involved: percentiles earned on The Ohio 
State University Psychological Examination, percen- 
tiles earned on a chemistry aptitude test® given during 
the first week of school, percentiles earned on the chem- 
istry training test given during the first week of school 
(pre-test), and percentiles earned on the chemistry 
training test given at the end of the semester (end- 
test). 

Those students who took Chemistry 111 were used 
as the control group. It was decided to devise a regres- 
sion equation for the control group by means of which 
it would be possible to predict the percentiles which 
these students would make on the end-test and then to 
apply this same equation to the experimental group. 

The correlation coefficient between the pre-test and 
the end-test percentiles for the control group was found 
to be 0.88. This was quite high, and the use of the 
other factors proved not to add significantly to the ac- 
curacy of predictions based on the pre-test alone. In 
view of this fact, the following regression equation was 
developed for the thirty-nine members of the control 


group 















Xi = 0.98X_ + 17.12 


where X, is the percentile which the student was ex- 
pected to receive on the end-test and X2 is the percentile 
which the same student received on the pre-test. 

End-test percentiles were then predicted for all mem- 
bers of the control group and a correlation of 0.88 was 
actually found between the predicted and the earned 
values. 

By means of this same regression equation the end- 
test percentiles were predicted also for those students 
who took Chemistry 121. Thirty-two students who 
took Chemistry 121 (Group C) were then paired with 
thirty-two students who took Chemistry 111 (Group 
B). Both members of a given pair had the same pre- 
dicted end-test percentile. Then, within the limits of 
error of the experimental method employed, the mem- 
bers of Group C should have earned the same mean per- 
centile on the end-test as the members of Group B ex- 
cept for the influencing factor of the course taken in 
college chemistry. 

The mean predicted end-test percentiles were exactly 
the same for the two groups; 7. e., 58.9 with a standard 
error of 3.8. The mean earned end-test percentile for 
Group B was 59.9 + 4.42, but the mean earned percen- 
tile for Group C was 65.3 + 3.75. The difference here 











® “Towa Placement Examination,’”’ New Series, C. A., Form X 
eno) and “Iowa Placement Examination,” C. A., Revised A 
925). 


511 





is 5.4 percentile with a standard error of 2.40, and this 
difference is in favor of those students who took Chem- 
istry 121-—-the course designed especially for them. 
This difference was not due to chance, for it can be 
shown statistically that if the experiment were repeated 
with similar groups and in a similar manner, the chances 
are 81 to 1 that there would be some difference between 
the groups and in favor of Group C. 

The average gain (end-test percentile minus pre-test 
percentile) for the members of Group C was 23 percen 
tile, while the average gain for the members of Group B 
was 18 percentile. Assuming that the gains for the 
members of both groups were evenly distributed over 
the entire semester, this indicates that in just a little 
more than fourteen weeks the average gain for the mem- 
bers of the experimental group would have been eight- 
een or the same as the average gain for the members of 
the control group in the entire semester. This is cer- 
tainly a significant finding for the teachers of the 
courses, 

The conclusion which follows is inevitable; namely, 
that when controlled conditions were maintained, the 
freshmen and sophomores who took Chemistry 121 at 
Muskingum during the period 1935-37 really achieved 
more as measured by the end-test used than those who 
took the more elementary course. If we assume that it 
is desirable to teach together students having about the 
same chances of success, this finding seems to indicate 
that the two groups should be segregated. ‘That is, 
most of the students with high-school credit in chemis- 
try should not be forced to take first-year college chem- 
istry with a group of students, who, for the most part, 
have had no previous training in the subject. Of 
course, even with high-school credit for chemistry, some 
few students are incapable of succeeding in an advanced 
freshman course and probably they should be sent over 
into the more elementary course. At the present time 
at Muskingum, all students who elect chemistry and 
who submit high-school credit in it are required to regis- 
ter for the more advanced course. Then, early in the 
semester, some are transferred to the more elementary 
course on the basis of their showing on chemistry apti- 
tude and chemistry training tests. This practice seems 
satisfactory now, but the writer expects to continue to 
evaluate and to adjust the procedure as conditions seem 
to warrant. 

Perhaps the reader should be cautioned against in- 
discriminately applying the above conclusions to other 
groups of students. The results cited are based on 
statistical concepts. If other students were used, if 
different criteria of success were used, and if different 
methods of carrying out the investigation were em- 
ployed, somewhat different results might be obtained. 
Nevertheless, the results have helped the members of 
the chemistry staff at Muskingum in their attempts to 
secure more nearly homogeneous groups in the two first- 
year courses. It is hoped that this paper may also 


serve to remind chemistry teachers of the applications 
of the well-known experimental method to problems of 


an educational nature. 
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An EXPERIMENT jor the DETER- 
MINATION of TRANSFERENCE 
NUMBERS dy ELECTROMOTIVE 


FORCE METHODS 


CHARLES M. MASON ann EDWARD F. MELLON 


The University of New Hampshire, Durham, New Hampshire 


OR some time electromotive force measurements 

have been used for the determination of trans- 

ference numbers where suitable reversible elec- 
trodes could be found for the ions concerned (1). An 
examination of some seven or more of the standard 
laboratory texts in physical chemistry reveals that of 
those examined only two (2) mention this method. 
In all the texts examined the preferred method given 
for student use is the Hittorf analytical method which 
even with the best of students gives indifferent results. 
Recently, Longsworth (3) has published an excellent 
procedure for the determination of transference num- 
bers in the elementary physical chemistry laboratory 
by the moving boundary method. Although this pro- 
cedure gives excellent results, it requires some special 
apparatus not always easily available. 

Since simple apparatus is available for the measure- 
ment of electromotive force in nearly every physical 
chemistry laboratory, it seems as though the measure- 
ment of transference numbers by this means would be 
advantageous for several reasons. 

(1) Excellent results are easily obtained in a short 
time. 

(2) The experiment may be used to illustrate the 
principles of electromotive force as well as transference. 

(3) The experiment illustrates to students the 
ever-present need to consider the liquid junction po- 
tentials in electromotive force measurements. 

(4) The experiment also illustrates the more ad- 
vanced theory and material which is now included in 
every treatment of both transference and electro- 
motive force. 

(5) The high mobility of hydrogen ion is demon- 
strated. 


THEORY INVOLVED 
For the cell without transference 
Hz (1 atm.), HCI (a;), AgCl, Ag... Ag, AgCl, HCI (a2), Hz (1 atm.) 
(I) 


we may write for the electromotive force (4) 


_ RT ae 
Er +277in7 (1) 


When the same cell is written with transference we 
obtain 


H, (1 atm.), HCI (a;), HCl (a2), Hy (1 atm.) (II) 


and for the electromotive force of this cell we write 


Bus + 97. Rrin 2 (2) 


Pa; 


where 7, is the transference number of the anion which 
in this case is the chloride ion. The cell always gives 
the transference number of the ion to which the elec- 
trodes in (II) are not reversible. 

Dividing equation (2) by (1) we obtain 

To = Eni/Er (3) 

from which the value of T, is readily obtained. 

Returning to cell I we find that it can be rewritten in 
the form 


Ag, AgCl, HCI (a:), Hy (1 atm.)...H, (1 atm.), Ag 
HCI (a2), AgCl 


(III) 
for which we may write for the electromotive force 
Em = +250 in as (4) 
Rewriting this cell with transference we have 
Ag, AgCl, HCI (a;), HCI (a2), AgCl, Ag 
for which the electromotive force is given by 


R17 ae 
Vy = ++ oT. — nig 
Evy alc F In . 


(IV) 


Dividing (5) by (4) we obtain the expression 
Te = Evv/Em (6) 


from which 7.,, the transference number of the cation, 
is easily calculated. 


EXPERIMENTAL DETAILS 


The galvanic cell described above is easily measured 
in the elementary physical chemistry laboratory. The 
apparatus used is shown in the figure. A and D are 
the standard Ostwald hydrogen electrode assemblies 
which are available in most laboratories. B and C are 
silver—silver chloride electrodes. These are most easily 
prepared by the method described by Harned (35) as 
Type (II). A platinum spiral about four millimeters 
in diameter is made by coiling about ten centimeters 
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of medium-weight platinum wire around a glass tube of 
that diameter. One end of this is then sealed into the 
end of a four-millimeter soda glass tube ten centimeters 
jong. The spiral is filled with silver oxide paste and 
heated to 450° in a small vertical electrical crucible 
furnace. The silver oxide paste is prepared by pre- 
cipitation of the oxide from the nitrate with boiling 
gdium hydroxide solution. This oxide is then care- 
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on the desk top. The bridge is most conveniently 
made as shown so that it can be filled by suction. It 
is essential that the solutions all be at the same level to 
prevent siphoning; 0.1 normal or 0.1 molal hydrochloric 
acid is placed in one cell and 0.2 in the other. If the 
potentiometer is not sensitive enough for these concen- 
trations, 0.1 and 0.5 may be used without seriously 
affecting the accuracy of the results. Tank hydrogen 
passed through distilled water gives good results. 

The measurement is carried out as follows. After 
a sufficient time has elapsed for equilibrium to be es- 
tablished (one to two hours), Cell I is measured by con- 
necting B and C with a copper wire and measuring the 
























1 potential across A and D. Cell III is then measured 
| | by connecting A and D with a copper wire and measur- 
(11) ing the potential across Band C. The same result may 
e be accomplished in either case by measuring the poten- 
} tial across A and B and across C and D and adding the 
2) two together algebraically. Cells I and III will, of 
eapowes oe Oe course, have the same potential. The bridge is now 
vhich dipped into the two beakers, filled by suction, and the 
§ives stopcock closed. The potential is measured between 
elec- a A and D giving the potential of Cell II and between B 
— ' and C giving the potential of Cell IV. The values of 
TRANSFERENCE CELL T, and 7, are then calculated from the potentials. 
(3) Since the sum of 7, and 7", is one, this serves as a test 
fully washed free of alkali by decantation and dried f the validity of the data. Table 1 shows the result of 
in the oven to a paste. The oxide decomposes to give *% tY pical experiment. 
en in a globule of unstrained amorphous silver on the wire. TABLE 1 
This is built up in layers to a diameter of about six THE AVERAGE TRANSFERENCE NUMBER OF 0.30 NoRMAL 
eens : . HypRocuuLoric Acip 
millimeters. The silver electrode thus formed is then ede oil i is: Pai . ear? 
. . via 4 4 4 4 a c er 
(II) electrolyzed as the anode in one-normal hydrochloric Te 
- acid for two hours with a current of ten milliamperes. 1 0.07009 0.01152 0.07009 0.05857 0.837 0.164 1,001 
: z Average — —_ - _- 0.835 0,165 1,000 
(4) solution in which they are to be used. 
The setup shown in the figure consists of two Ostwald The theoretical value may be taken from the data of 
hydrogen assemblies dipping into separate 150-ml. Longsworth (6) who found for 7, the value 0.831. 
(IV) beakers, which are close enough together tobe connected This gives an error of 0.48 per cent. as compared to the 
by the glass bridge. For student work temperature three to five per cent. usually obtained by the Hittorf 
control is not essential and the setup may be placed method. 
(5) LITERATURE CiTED 
(1) (a) Fercuson, J. Phys. Chem., 20, 326 (1916). (b) Finp.ay, “Practical physical chemistry,” 6th ed., 
(b) MacINNES AND ParKeER, J. Am. Chem. Soc., 37, 1445 Longmans, Green and Co., New York City, 1935, p. 
: (1915). 243. 
(6) (c) MAcINNES AND BEATTIE, tbid., 42, 1117 (1920). (3) LoncswortH, J. Cuem. Epuc., 11, 420 (1934). ; 
(d) LucassE, tbid., 47, 743 (1925). (4) GETMAN AND DANIELS, ‘‘Outlines of theoretical chemistry,” 
on, 5th ed., John Wiley and Sons, Inc., New York City, 1931, 
(2) (a) DANIELS, MATHEWS, AND WILLIAMS, ‘Experimental p. 456. 
physical chemistry,’ 2nd ed., McGraw-Hill Book Co., (5) Harnep, J. Am. Chem. Soc., 51, 416 (1929). 
New York City, 1934, p. 233. (6) LoncswortH, thid., 54, 2758 (1932). 
ed SEVENTEENTH EXPOSITION OF CHEMICAL INDUSTRIES 
he The Seventeenth Exposition of Chemical Industries will be tion. It provides facilities for college juniors and seniors who 
re held the week of December 4th, at Grand Central Palace, New are in charge of instructors. Graduate students are welcome. 
ies York City. et E : Arrangements must be made to obtain special students’ tickets 
re The Exposition opens at It mes daily. ; The ae hours in advance of the Exposition. Faculty members who wish 
1 will be used for lectures in industrial chemistry, involving new inf : Pa te directly to Dr. W. T. Read 
ly processes, products, methods of analyses, and professional prob- further information should write ee ee ire ed vies 
as lems. During the afternoon, there will be lectures and confer- care of Seventeenth Exposition of Chemical Industries, Grand 
rs ences devoted to unit chemical engineering operations and equip- Central Palace, New York City. The program will be complete 





ment, especially the newer developments shown at the Exposi- 
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A RULE of COORDINATION 
VALENCY: 


RICHARD F. ROBEY? 


Roselle, New Jersey 


course, quite a number of so-called complex in- 

organic compounds such as Cu(NH3)«SQu, K3Co- 
(NOz)s, and K,4Fe(CN). are usually discussed, for this 
type of compound plays a rather important part in 
many analytical schemes. The modern texts in quali- 
tative analysis usually present a portion of Werner’s 
theory of coérdination valency in order to explain the 
existence of these compounds and complex ions in 
general. Some go further and use the theory in an 
explanation of hydrolysis and amphoterism of hy- 
droxides. In most cases, however, no connection of 
coérdination valency with the theoretical concepts of 
atomic structure and primary valency is developed. 

As for the student the recalling of the coérdination 
number of a given cation after it has been discussed is 
much more a test of memory than of ability to apply 
general principles already acquired. Teachers of 
chemistry hear complaints that elementary chemistry 
courses require too much memorization, and, although 
it might be argued that these complaints are not justi- 
fied, it seems desirable to reduce the amount of mate- 
rial to be committed to memory. 


I“ THE elementary qualitative chemical analysis 


STABLE ELECTRONIC CONFIGURATIONS 


Ordinarily it is taught that a polar compound is 
formed as the result of a gain or loss of electrons by 
reacting atoms, the outer electrons of the resulting ions 
tending to assume the stable configurations possessed 
by the inert gases or some other stable electrodynamic 
system. In sodium chloride, to take a simple example, 
the sodium atom loses an electron, the chlorine gains one; 
the resulting exterior electronic constitution of these 
ions is similar to that of the inert gases neon and argon, 
respectively. It is then stated that the “effective 
atomic numbers” (£.A.N.) of these respective ions and 
inert gases are numerically equal—Nat and Ne, 10; 
Cl- and A, 18—where the effective atomic number is 
defined as the total number of electrons outside the 
nucleus but directly associated with an ionic or com- 
bined atom. 

Coérdination, on the other hand, is a form of co- 


1 This paper is one of a series presented in participation in a 
recent general endeavor to modernize the general course in ele- 
mentary chemistry. For other articles in this series, see litera- 
ture references (1), (2), (3), and (4). 

2 Formerly assistant (instructor) in general chemistry, The 
Ohio State University, now research chemist in the Chemical 
Laboratories of the Standard Oil Development Co., Elizabeth, 


New Jersey. 


valency in which one of the two atoms united together 
contributes both electrons of the non-polar covalent 
bond. This results in an increase of the B.A.N. of one 
atom (the acceptor), while it leaves that of the other 
(the donor) unchanged. Thus the reaction between 
ammonia and a hydrogen ion may be written. 


H H au 
H:N: + Ht —— Eu 
The nitrogen of the ammonia has an £.A.N. which re- 
mains unchanged in the reaction while it contributes its 
unused or “‘lone pair” of electrons to form the bond 
with hydrogen. The £.a.N. of the hydrogen ion is 
thereby increased from 0 to 2 and is equal to that of the 
inert gas, helium, in the resulting ammonium ion. 

As another example, the zinc atom which has an 
E.A.N. Of 30 loses two electrons on oxidation to give the 
zinc cation, Zn*+ of £.A.N. 28. The twenty-eight elec- 
trons form a stable system which is often termed a 
pseudo-inert gas configuration. Now, it is known that 
the zinc ion combines with the four molecules of am- 
monia to form a complex ion, Zn(NHs3),+*. Since each 
NH; molecule is the donor of two electrons to the 
covalent linkages, the B.A.N. of the zinc ion increases 
from 28 to 36. The inert gas krypton has an atomic 
number of 36. 


COORDINATION NUMBERS OF CATIONS 


A sufficient number of the examples can be cited to 
indicate an apparent generalization, namely, that atoms 
and their simple ions tend to gain electrons by co- 
ordinating other atoms, ions, molecules, or groups and 
thereby accomplish or approach the completion of 
further rare gas or other stable electronic configurations. 
However, two points must be kept in mind in the ap- 
plication of this rule. 

(1) Consideration must be given to molecular di- 
mensions since the number of atoms or groups which 
can surround another atom acting as a nucleus is, of 
course, limited. The maximum coérdination number is 
usually six although a few as high as eight are known. 
The most common coérdination numbers are two 
three, four, and six. The small diameter of units such 
as the ions of the alkali metals, e. g., Lit, Nat, and so 
forth, definitely limits the number of groups which can 
occupy the space of their codrdination spheres. The 
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TABLE 1 





ELECTRONIC CONFIGURATIONS AND COORDINATION NUMBERS 


Atomic Simple Rare 
Metal number cation E.A.N. gas 
Aluminum 13 Al*+*+*+ 10 A 
Antimony 51 Sb*** 48 Xe 
Arsenic 33 As*** 30 & wv 
Barium 56 Ba*t 54 Rn 
Bismuth 83 Bit?’ 80 Ro 
Cadmium 48 Catt 46 Xe 
Calcium 20 Ca** 18 Kr 
Chromium 24 cer? 21 Kr 
Cobalt 27 Cat* 25 Kr 
Copper 29 Cutt 27 Kr 
Hydrogen 1 fig 0 He 
Iron 26 Fe*** 23 Kr 
Fe 24 Kr 
Lead 82 Pb** 80 Rn 
‘ Magnesium 12 Mg** 10 A 
Manganese 25 Mn** 23 Kr 
Mercury 80 Hg** 78 Rn 
Hgz 784 Rn 
Nickel 28 Ni** 26 Kr 
Potassium 19 K* 18 Kr 
Silver 47 Ag’ 46 Xe 
Sodium 11 Na* 10 A 
Strontium 38 Srtt 36 Xe 
Tin 50 Sa** 48 Xe 
Zine 30 Zntt 28 Kr 





Coérdination number = approximate difference divided by two 
This may be written AlO:~:2H:0. 
Coérdination number limited by space. 


This may be written HSnO:~-H:0. 


Coordination Predicted 

A.N. Difference number® Example color 
18 8 4 Al(OH), - 
54 6 3 SbSs* _ 
36 6 3 AsO;* - 
86 32 6 - - 
86 6 3 BiO;" 
54 8 4 Cd(NHs5)4* * - 
36 18 e - 
36 15 6 Cr(H:0)6*** + 
36 11 6 Co(CN)«* + 
36 9 4 Cu(NHy)s** 4 

2 2 1 H,O+* - 
36 13 6 Fe(CN)s" + 
36 12 6 Fe(CN).e"" 
86 6 3 PbCls~ 

18 8 4 Mg(H20);** 
36 13 6 Mn(H20)6** + 
86 8 4 Hg(CN)" - 
86 8 4 Hg:Ch~ - 
36 10 4 or 6 Ni(NHa)e** + 
36 18 e - - 
54 8 4 AgCh" - 
18 8 4 Na(H20); * - 
54 18 ¢ - as 
54 6 3 Sn(OH)s ~¢ 

36 8 4 Zn(OH)F 


a 
b 
¢ 
4 One electron from each Hg atom is used in forming the homoatomic linkage. 
e 
f 


This may be written ZnO2":2H:20. 


size of the coérdinated atoms or groups, of course, has 
a definite influence also. 

(2) Certain ions, particularly those of the transition 
elements, cannot attain a rare gas electronic system 
through coérdination due to their odd effective atomic 
numbers. The most stable arrangement in these cases 
is an E.A.N. closely approaching that of the inert gas. 
The iron atom, for instance, has an atomic number of 
26. It loses three electrons on oxidation, yielding the 
ferric ion, Fe+**, of £.A.N. 23.* This ion approaches the 
E.A.N. of krypton, 36, by coérdinating six groups (as 
in Fe(CN).") each furnishing two electrons which re- 
sults in a system of thirty-five electrons, one less than 
the atomic number of krypton. These systems are 
fairly stable chemically but possess a resultant mag- 
netic moment which gives rise to the property known as 
paramagnetism (4). Coincidentally, the ions which 
possess these ‘‘odd” electronic arrangements according 
to the rule, exhibit characteristic color. 

On reducing this empirical rule to a simple formula 
for simple common ions, one obtains the approximate 
coordination number, 

EAN (inert gus) _ 


— A! = on | 
N 2 


This formula leads to very high coérdination numbers 
(10 to 20) for certain of the alkali and alkaline earth 


3 The prominent existence of many simple ions, including the 
ferric ion, Fet++, is open to question. The properties of the 
compound anhydrous ferric chloride indicate it to be apparently 
non-polar rather than an ionized compound—it is volatile, dis- 
solves in hydrocarbon solvents, and is a non-conductor. Taking 
this into consideration the £.A.N. of the iron atom in ferric chlo- 
ride becomes 29, an approach to the pseudo-rare gas electronic 
configuration (2, 8, 18 = 28). The formation of the associated 


Fe,Cls, in which both iron atoms are assumed to be associated 
with all six chlorine atoms, gives each of the iron atoms an 
E.A.N. of 35 in accordance with the proposed rule. 


ions. The codrdination number of these ions is natu- 
rally limited to six or less by stereochemical considera- 
tions. Table 1 lists a number of the common metals 
and gives the results of the application of the rule to 
their cations in the formation of complex ions. 


COORDINATION NUMBERS OF ANIONS 


In contrast to the simple cations, the ions derived 
from the less electropositive elements tend to be the 
donors rather than acceptors of electronic couples. 
This fact is quite obvious from an inspection of 
Table 1 in which it is seen that the donor groups in 
general consist of electronegative elements or groups. 

For example, the sulfide ion, S=, may be oxidized 
to the sulfate ion and in the process associates with 
four atoms of oxygen, thus 


-O Oo 
ap.’ ] 

Ss 
Lo \ 4) 
Here the sulfur atom is the donor, the oxygen atom the 
acceptor, and the charge on the ion the same as the 
original sulfide ion. In case the central atom is ampho- 
teric in nature, this type of structure is probably in 
equilibrium with a structure in which the réle of 
donor and acceptor is modified or reversed. These 
types of structures have been discussed from the 
standpoint of magnetic phenomena in a previous paper 


(4). 


APPLICATION 


The rule presented in this paper has been applied in 
teaching a selected group of first-year college students 
possessing special qualifications (5, 6). In this group 
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the rule was apparently accepted with enthusiasm 
when given in answer to questions concerning co- 
ordination numbers and valency. The simplicity of 
the rule makes it seem likely that it could be readily 
comprehended by the average first-year college chem 
istry student. 

In teaching this rule, however, it probably should be 
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emphasized that there are many known exceptions to jt 
and, therefore, it cannot be considered the complete 


answer to the coérdination number question. From 
the teaching standpoint it conforms to the general 
practice of presenting only the most easily compre. 
hensible portions of current theories to students of 
elementary science. 
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MNEMONIC DEVICES in CHEMISTRY 


JOHN BERMINGHAM, 


LIEUTENANT, U. S. N. 


United States Naval Academy, Annapolis, Maryland 


This paper deals with the use of key-sentences and key- 
words as an aid to the memory in cases where the facts 
are not rationally deducible and tends to show that the 
key-word ts a valuable aid for this purpose. 


Pr Pais -) |... 


ARK TWAIN advised history students who 
M had difficulty in remembering dates to conjure 

up a picture in the imagination in such a way 
as to associate the date with the picture. No matter 
how bizarre or improbable the imagined picture was, 
as long as the student had done it for himself the pic- 
ture would help to fix the date indelibly in his mind. 
That such a device has some merits for the student of 
history who suffers as the result of a poor memory will 
be conceded when it is realized that in the study of 
history the principal aim is not to gather a store of 
miscellaneous facts but to enable the student to draw 
conclusions from the facts. For this purpose ability to 
connect facts with dates is of considerable value. 

The story of the teacher of elementary history who 
employed a key-sentence to fix a date in the minds of 
the students is no doubt familiar. The sentence was 
a jingle “In 1492 Columbus sailed the ocean blue.” 
For causes unknown and much to the distress of the 
teacher the jingle became in a short time ‘In 1493 
Columbus sailed the deep blue sea!’’ Familiar also is 
the key-sentence used by music students to give the 
order of literation of the staff in music, “Every good 
boy does fairly’’ and the key-word which accompanied 
it ‘‘f-a-c-e’”’ representing the spaces. 

Key-sentences are occasionally successful as a 
mnemonic device but require considerable composi- 





tional skill usually and a_ well-developed sense of 
humor. At the Naval Academy for many years a key- 
sentence, outlining, by means of the first letter of each 
word, the process for the manufacture of smokeless 
powder was used and passed from class to class. In 
fact, midshipmen of the fourth class learned the 
sentence before they knew it had any special meaning 
other than its mention of a professor long revered for 
his connection with Naval Academy football. The 
sentence was ‘Paul Dashiell bet six dam bits; six 
dam bits did Paul Dashiell bet.’’ ‘Skinny Paul’’ has 
since passed to his reward, but his name will long be 
remembered and not a little through this key-sentence, 
for however the process of manufacturing smokeless 
powder be modernized it is likely that the initial stages 
will continue to be pulping and drowning and that 
“p” “d” in the key-sentence will always be represented 
by “Paul Dashiell.’’ Student lore generally, the world 
over, is replete with examples such as ‘Queen Victoria 
leered at King Albert’’ and ‘Victor wants the water- 
pistol to shoot Papa,”’ each with a particular appeal to 
undergraduate interest and sense of humor. They 
achieve a kind of immortality and curiously enough do 
-arry with them the academic tid-bit they were devised 
to recall. However, wit and humor are not always 
fluid when the mind is seriously at work in chemistry, 
and without the humorous inflection the key-sentence 
is likely to be little improvement over the arrangement 
of facts in bulk. 

The scientist, particularly the chemist, is greatly de- 
pendent on his memory. The student in chemistry 
soon finds that his progress depends largely on his 
ability to recall that which his mind has succeeded in 
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assimilating. A vicious circle is likely to develop if 
difficulty in recollection impedes subsequent assimila- 
tion. 

Of a class of seven hundred fifty-three young gentle- 
men entering the Naval Academy in June, 1938 thirty- 
five per cent. had had at least one year of college 
chemistry, plus, in most cases, one year of high-school 
chemistry. Forty-three per cent. had had one year of 
high-school chemistry. The remaining twenty-two 
per cent. had had no previous chemistry. Most of 
these latter and some few of the “previous chemistry” 
categories find chemistry a trying subject. Those 
worst situated are those who do not assimilate readily 
in study, recitation, and laboratory. For them the 
only hope is to be able to cultivate the art within the 
allotted time, the first semester or term. 

For those with faulty recalling powers the standard 
pedagogical recourse is ‘‘overlearning,”’ that is, to ex 
tend the process of study beyond ordinary acceptance 
as understood to the point where the material is 
not only understood but can be reproduced. The 
mortality of material subjected to this treatment is 
great, particularly in the press of the scholastic year, 
and in many academic schedules “‘overlearning’’ time 
is not available. The Naval Academy schedule is an 
acute example, and partly on this ground recommenda 
tions have been made to extend the course to six years. 

A device which requires no particular skill and which 
is often successful in aiding the student to commit to 
memory such material as the electrochemical series, va 
lence numbers, and other facts not rationally deductible 
is the key-word. The key-word is a word fabricated 
from letters or syllables or both which are taken from 
the material it is desired to commit to memory. ‘This 
is done in such a way that each letter or syllable rep- 
resents a fact. The key-word is pronounceable and the 
spelling is phonetic. These are important features, as 
the memory functions most efficiently on the sound of 
the word which, being spelled phonetically, can be then 
reproduced. For example the electrochemical series 
can be represented by the following key-words, 

PoSCa MagAl ManZiCh INTL CuBiAMS. 
The common valence numbers can be embodied in 
something like the following. 


Univalent HyNaKAgCuClBrl NONHOH 
Bivalent CaBaMagZiFeCuSOHg SOCO 
Trivalent AlAs FeNSbBiP PO 


All the valence numbers of the elements included in the 
key-word are not given, and carbon is omitted. Radi 
cal subscripts are omitted as they are readily recalled 
by the radical itself. For elements having valence 
numbers of four and higher additional key-words may 
be devised, The above is merely an example. It will 
be noted that there is a strong similarity between the 
use of the above key-words and the use of the Periodic 
Table. Note that where necessary to make the words 
pronounceable and to keep the spelling phonetic, depar 
tures have been made from the standard chemical 
abbreviations. 

The key-word system can be extended to other 
groupings and summaries of facts which from their 
nature depend on brute force memory work to recall 
them. The summary headed ‘Kinetic Theory of 
Gases” is thus represented by taking a significant 
syllable from each statement of the summary and com 
bining them into a word such as MolColSetAttrKE. 

While many educators will scorn such a practice as 
even the above limited uses of key-words it must be 
borne in mind that a strong memory is not necessarily 
an indication of mental development. The key-word 
is not a habit-forming device, nor does it lead to unde 
sirable practices. It is a kind of mental shorthand 
approximating in its employment that of the Periodic 
Table which many students become able to visualize 
mentally in whole or in part for the purpose of obtain 
ing information therefrom. It gives the harried stu 
dent a grip on the ladder when the going is heavy and 
for this reason may be profitably suggested. 

The limitations in the use of key-words may be 
summed up as follows. 


(1) It is to be used only with facts not rationally 
deducible. 

(2) The student must compose his own key-word if 
it is to be remembered. 

(3) The key-word must be 
spelled phonetically. 


pronounceable and 





CORRESPONDENCE 


“TOUGH SOAP FILMS AND BUBBLES” 


To the Editor 
DEAR SIR: 
Apropos of the article, “‘Tough Soap Films and 
Bubbles,” by G. A. Cook [J. Cuem. Epuc., 15, 161-6 
(1938)] may I suggest that I have found a solution of 
“Dreft” (a Procter and Gamble household product) 





made with either hard or soft water can be used with 
“raw” hydrogen directly from the generator to blow 
bubbles that can be successfully cut off and allowed to 
rise. It might be of interest to our readers to know this, 
and perhaps the author of the paper referred to might 
care to apply his tests to standardized solutions of 
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‘Dreft,’’ or to even more concentrated forms of high 
molecular weight half-esters, such as that used in 


“Dreft.” 
F. B. WaApDE 


SHORTRIDGE HIGH SCHOOL 
INDIANAPOLIS, INDIANA 


CONSERVATION OF MANGANESE 
DIOXIDE IN QUANTITATIVE 
EXPERIMENTS 
To the Editor 
DEAR SIR: 


Quantitative experiments with oxygen are frequently 


performed in the general chemistry laboratory by heat- 
ing potassium chlorate with manganese dioxide. Since 
the manganese dioxide is easily carried out by the 
escaping oxygen, the correctness of the results depends 
very much on the care with which the reactants are 
heated. It is difficult to make beginning students un- 
derstand the meaning of “gentle heating,’’ and in this 
particular experiment even great care will not always 
prevent spasmodic action. 

If a glass wool plug about three-quarters of an inch 
long is inserted in the mouth of the test-tube the escap- 
ing manganese dioxide dust will collect on it, and being 
kept in the tube, the positive error usually resulting 
from its loss will be eliminated. 

The results obtained in an experiment conducted in 
this way are given. 


Wy Onet OF COSEHIINE... 6. 0055s cesses SOoeL ee. 
Weight of test-tube and potassium chlorate 42.71 g. 


Weight of potassium chlorate............ 7.00 g. 
Weight of test-tube, potassium chlorate, 

manganese dioxide, and glass wool...... 44.84 g. 
Weight of above after heating........... 42.17 g. 
Weight of oxygen evolved............... 2.67 g. 
Volume of oxygen reduced to standard con- 

RARER Aare ar ae eee 1910 ce 
Density of oxygen as above.............. 1.40 
Density of oxygen, actual............... 1.43 


i ee 


|, ENS TED, SEY se EN Re 38.2 per cent. 
Per cent. oxygen in potassium chlorate, 
hk ii 5 oa sees che ee cAWeeEes 39.2 per cent. 


Per cent. error..... —2.5 per cent. 


JouNn I. MAHLER 


96 GARDEN Roap 
SCARSDALE, NEw York 


DRYING LABORATORY GLASSWARE 
To the Editor 


Dear Sir: 

Apropos of the item by H. V. Allison [J. CHEM. 
Epuc., 15, 379 (1938) ] it may be of interest that an ap- 
paratus as sketched has been in use by the author for 
many years and seems to be a more generally useful 
application than that mentioned by Allison. It is most 
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useful and economical when used to dry laboratory 
glassware, avoiding the expense and hazard of drying. 
solvents, in addition to the fact that moisture does not 
condense upon the surface of glassware dried in this 
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manner. It is only necessary to hold the water-washed 
glassware object over the exit tube or to support it on 
the ring, R, as illustrated. 

The coil can easily be formed from drawn copper tub- 
ing. If tubing no larger than quarter-inch is used, it is 
not necessary to fill the tube with sand to avoid collaps- 
ing the tube while forming, as is generally supposed, 
This size tubing is ample for laboratory needs, and in- 
deed larger tubing does not improve matters as the 
Bunsen or Fisher burner cannot heat larger tubing 
profitably. It has been my experience that the use of 
one of these simple laboratory driers will completely 
eliminate the need of taking up the laboratory drying 
oven space with glassware. 

CHARLES G. MILLER 


Post OFFIcE Box 985 
CORCORAN, CALIFORNIA 


OBJECTIVE TESTS IN ORGANIC 
CHEMISTRY 


To the Editor 
DEAR SIR: 


During the past school year about 25,000 copies of 
the Coédperative Objective Tests in organic chemistry 
were distributed to approximately one hundred colleges 
and universities. 

The 193940 series, now available, covers twenty-six 
topic examinations, together with a final examination 
for each of the two semesters. The complete sets are 
available to instructors of organic chemistry, industrial 
chemists, or graduate students at twenty cents per set 
in orders of five or more or at twenty-five cents for 
single sets. 

These tests represent, we believe, an improvement 
over the 1938-39 series. They are available from the 
chairman of the committee, Ed. F. Degering, Chemistry 
Department, Purdue University, Lafayette, Indiana. 

Ep. F. DEGERING 
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Phe THEORY of ELECTRO- 
KINETIC PHENOMENA 


WILLIAM HORWITZ* 


University of Minnesota, Minneapolis, Minnesota 


Electrokinetics, the subject dealing with the relationships 
of the electromotive force and the mechanical motion at an 
interface of a solid and a liquid, has acquired a prominent 
place in the literature of physiology as well as colloidal and 
biological chemistry. The practical application of the 
technics of electrokinetics, especially in physiology, has 
grown steadily, but the theory has remained rather dor- 
mant. 

The electrokinetic potential at an interface is due to the 
formation of an electric double layer which arises from the 
unequal distribution of the potential determining tons 
which in turn is based upon lattice forces. The conden- 
ser-like theory of the structure of the double layer of Helm- 
holtz has been abandoned in favor of the diffuse double 

layer of Gouy or the combination of the latter two as 
presented by Stern. The theory of Debye and Hhiickel 
is as important in the study of the structure of the double 
layer as in the theory of electrolytes. Newer developments 
that are likely to influence this field are the application of 
statistical mechanics to the double layer and studies on the 
hydration of tons. 


+++ + + + 


of matter in a state of subdivision larger than 
the ordinary molecule but finer than the particles 
of a fine suspension: between material in true solu- 
tion and matter in mass. Colloidal properties are 
those of averylarge surface concentrated in a very small 
volume. The forces playing the most important rdéle 
in this realm are essentially kinetic and electrical in 
nature. The actions of a colloidal particle as a par- 
ticle are kinetic; its actions as a surface are electrical. 
Kinetic properties of colloids are Brownian move- 
ment, diffusion, osmotic pressure, dialysis, and the like. 
Electrical properties ultimately include adsorption, 
interfacial tension, stability, mutual precipitation, 
flocculation, adhesion, and the behavior of colloidal 
systems under the influence of electromotive forces. 
The purpose of the following discussion is to study 
the behavior and influence of the internally present po- 
tential difference—electrokinetic potential—of col- 
loidal systems. Some examples of the type of phe- 
nomena under consideration are: 


(1) The streaming of liquids through a capillary 
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under the influence of an external electromotive force 
(designated by such various terms as electroésmosis, 
endosmosis, electroendosmosis, and so forth). 

(2) The movement of particles under the influence 
of an external electromotive force (cataphoresis, elec- 
trophoresis, and so forth). 

(3) The generation of an electromotive force by the 
streaming of a liquid through a capillary (streaming po- 
tential). 

(4) The generation of an electromotive force by the 
fall of particles through a liquid (sedimentation poten- 
tial). 

Before defining these phenomena more precisely, it 
will be well to consider them descriptively. 


HISTORICAL (1) 


The first observations of electroésmosis and electro- 
phoresis were the results of attempts to repeat or modify 
the experiments of Nicholson and Carlisle (1800) on the 
decomposition of water by an electric current. Reuss 
(1808) placed some powdered quartz at the bottom of a 





























FIGURE 1.—REvss’s APPARATUS DEMONSTRAT- 
ING ELECTROOSMOSIS 


U-tube and found that on the application of an elec- 
tric current, water rose about nine inches in the arm 
containing the negative electrode. The quartz powder 
had acted as a diaphragm with a great many small 
capillaries and thus showed the phenomenon of electro- 
osmosis. In a second experiment, Reuss used a block 
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of clay covered with sand into which were sunk two 
glass tubes containing electrodes. With the current 
on, he observed no transfer of water, but rather clay 
particles diffusing to the positive poles. This move- 





























FIGURE 2.—ReEuss’s APPARATUS DEMONSTRATING 
ELECTROPHORESIS 


ment of particles demonstrated electrophoresis. The 
simple apparatus is shown in the first two figures. 

It was shown by Napier (1846) that acids and salts 
diminished the transport of water by electrodésmosis. 
The first quantitative experimentation, however, was 
done by Wiedemann (1852) whose observations proved 


that the amount of liquid transported through a porous 
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FIGURE 3.—QUINCKE’S APPARATUS DEMONSTRAT- 
ING STREAMING POTENTIAL 


diaphragm was proportional to the current, but was 
independent of the area or thickness of the plate. 

The converse effect of electroésmosis—the streaming 
of a liquid under pressure through a diaphragm pro- 
ducing an electromotive force—was first demonstrated 
by Quincke (1859) in the apparatus of Figure 3. He 
proved, “The electromotive force produced by the 
streaming of water under a given pressure through a 
clay plate is independent of the size and thickness of 
the diaphragm, of the amount of water forced through 
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it; it is, however, proportional to the pressure.” |) 
this case also, addition of foreign material influenced 
the phenomenon; alcohol raised the potential while 
salts lowered it. In addition, it was shown that prac. 
tically every substance from platinum to paper was 9 
charged when in contact with a liquid, especially an 
aqueous media, and in electroédsmosis the water could 
travel in either direction, depending upon the nature of 
the solid used. Quincke attempted to explain these 
observations by assuming that the glass or capillary 
wall became negatively charged and that the water 
next to it became oppositely charged. Between ‘the 
two surfaces will exist a difference 
of potential determined by the 
constitution of the surfaces in- 
volved. Since the velocity of the 
water or the particle depends 
upon the potential, measurements 
of the velocity give something 
that may be related to the chem- 
ical composition of the compo- 
nents of the adjacent molecules 
of the interface. 

The reciprocal phenomenon of 
electrophoresis—sedimentation po- 
tential—the production of an 
electromotive force by the me- 
chanical movement of particles— 
was finally observed by Dorn (1878) 
who allowed glass beads or sand to 
fall freely between platinum elec- 
trodes in a rotating tube. The 
particles, he found, were nega- 
tive to the liquid. 


CHARACTERISTICS OF ELECTRO- 
KINETIC SYSTEMS 
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FIGuRE 4.—Ar- 
RANGEMENT OF 
At CHARGES IN A 
CONDENSER 


A potential difference exists at 
the boundary of two phases. 
a solid-liquid interface this poten- 
tial difference was originally as- 
sumed to lie in a rigid electric double layer much like 
that assigned to a flat plate condenser as shown in 
Figure 4. The deuble layer was treated mathemati- 
cally as a condenser using the conventional formulas 
derived in electrostatics. The potential across the 
double layer was called the electrokinetic potential, 
or, more simply, the zeta ({) potential. The pre- 
viously described phenomena—electrodsmosis, electro- 
phoresis, streaming potential, and sedimentation po- 
tential—which can be explained by means of the double 
layer and which measure the {-potential across it by 
means of formulas that will be subsequently developed— 
are called electrokinetic phenomena. 

The above terms can now be defined more precisely. 
The characteristic feature of electrokinetic phenomena 
is that one phase is displaced mechanically along the 
boundary of another phase accompanied by a coexisting 
electromotive force. One of the phases must be a liquid 
while theotherisgenerallyasolid. Four cases can arise (2). 
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(A) An external electromotive force produces mo- 
tion : 
(1) Of a liquid against a solid—electroésmosis. 
(2) Of solid particles against a liquid—electrophore- 
sis. 
(B) An external motion produces an electromotive 
force : 
(3) The liquid is moved relative to the solid surface 
—streaming potential. 
(4) The solid body is moved relative to the liquid— 
sedimentation potential. 


The classification can also be made on the basis of 
the moving phase. The liquid moves in electroédsmosis 
and streaming potential while the solid moves in elec- 
trophoresis and sedimentation potential. These schemes 
show clearly the interrelationships of these phenomena. 


TREATMENT OF ELECTROKINETIC 
PHENOMENA 


MATHEMATICAL 


Electrodsmosis.—Every interface is the seat of an 
electric field which may arise from the difference in 
“solubilities” of the electrons in the two phases or from 
adsorption phenomena. In the case of metal inter- 
faces, the potential developed is used to measure tem- 
perature differences in the ordinary thermocouple. At 
solid-liquid interfaces, this field is easily demonstrated 
by the application of a potential parallel to the inter- 
face. There occurs a sizable displacement of the 
liquid relative to the solid wall, providing that the sur- 
face of the solid is sufficiently large in relation to the 
volume of the liquid. This occurs in a system of capil- 
laries. This displacement of the liquid (in most cases, 
water) is not due to mere transference since one hundred 
grams of water can be moved in the absence of elec- 
trolytes by 0.001 Faraday (3). 

It has been mentioned that Quincke suggested the 
electric double layer as a means of explaining electro- 
kinetic phenomena, and, in particular, electrodésmosis. 
If the positive layer is in the liquid and the negative 
layer is firmly attached to the wall of the capillary, a 
potential gradient parallel to the wall will displace the 
positively charged layer along the rigid negative layer 
dragging the rest of the liquid along with it by the force 
of friction as is shown diagrammatically in Figure 5. 

Sir W. Thomson, in 1860, drew an analogy between 
the potential across a polarized metal electrode and 
that across a charged condenser. This concept was 
extended by Varley (4), who measured the capacity of 
a platinum electrode in dilute acid. But it was Helm- 
holtz (5) who originally treated the properties of the 
double layer of two-phase boundaries in tangential 
motion to one another from a mathematical point of 
view by combining the laws of electrostatics with the 
laws of hydrodynamics. The general form of the equa- 
tions he developed are still in use although modified in 
several minor respects. 

In his treatment, Helmholtz made the following as- 
sumptions (6). 

(1) The liquid is oppositely charged to the rigid wall, 
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forming, along the wall, an electric double layer. 

(2) The thickness of the double layer is extremely 
small, but not vanishingly so—about molecular 
dimensions. 

(3) The layer of water molecules in contact with the 
wall is not movable (called the rigid layer). It 
is fixed to the wall regardless of the mechanical 
force impressed—there is no slip. The rest of 
the molecules in the liquid, near the wall and in 
the double layer (the strongly adsorbed layer), 
are movable and are subject to the ordinary laws 
of friction for normal liquids. 

(4) Only laminar flow of liquid can occur. 

(5) The external difference of potential is simply 
superimposed upon the difference of potential in 
the double layer itself. 

(6) The wall isan insulator and the contained liquid 
is an electrolytic conductor. 

If o is the charge density on the wall, 6 the mean 


electrical thickness of the double layer, and D the di- 
electric constant of the media between the two layers, 
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FIGURE 5.—ELECTROOSMOSIS 


then the potential across the layers, ¢, on the basis of 
the Helmholtz theory will be (7): 

p= Se (1) 
This general equation will be referred to repeatedly. 

Helmholtz, and later Smoluchowski, derived the 
electroédsmotic equations by combining hydrodynamic 
and Poisson’s equations. Perrin (8) used the defini- 
tions of electrical force and viscosity as the origin. 
More recently, Bikerman (9) has derived all of the 
electrokinetic equations on the basis of the more ac- 
ceptable theory of the diffuse double layer. The follow- 
ing derivation given by Porter (10) is independent of 
the particular distribution of charges in the double 
layer. 

Consider the stream line flow of liquid through a 
narrow capillary, aa, of cross-sectional area A as in 
Figure 6 to which a longitudinal voltage, Vi — V2, is 
applied so as to be uniform across the cross-section. 
If there is a charge, g, anywhere in the liquid, the elec- 
trical force, dF., acting on that charge is: 

dV 


dF, = “ta 


Select a cylinder of unit length and of radius 7 en- 
closing the charge; the total normal induction over the 
cylinder, by Gauss’s law, is (47q)/D where D is the di- 
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electric constant of the media in which this charge is 
immersed. The curved area of this cylinder is 2zr, 
and the electric force outward from the curved surface 
is —(dV/dr). Hence: 


a4 2er( a =) (2) 


If u is the velocity of flow after a steady state has been 
reached, the electrical force moving the water is just 
slightly greater than the frictional force, Fy, opposing 
that motion. Or: 

Fe= i -d5 
and 

dF, = dh —-@F (3) 
The differential of the second order can be neglected. 
The force of friction against the area, from the definition 
of viscosity, is, where » is the coefficient of viscosity: 


du 


—" 2er 


dk, = 
Substituting in (3): 
dV du 
7 eS 
Eliminating q from equations (2) and (4): 
du 
av “ar 
dr aS dV 
dx 


D 


From Ohm’s law, the electric current across the sec- 
tion A with a specific resistance, R, is given by: 


I = —(A/R)+(dV/dx) 


Therefore: 


dV _4nnA du 
dr DRI dr 


It is to be noted that this equation is independent 
of the particular distribution of the electric charges. 

If V,, and u,, are the potential and velocity of a point 
on the tube axis and v,, and O the corresponding values 
for the tube wall: 


$= Vn — Ve = (44nAum)/(DRI) (5) 


If the charges in the liquid that form a part of the double 
layer are in close proximity to the tube wall, there will 
be no charge in the bulk of the liquid, that is, for g = 0, 
du/dr = 0 (from equation (4)). In other words, the 
bulk of the liquid has the same velocity. The total 
liquid flow, U, will consequently be u,,A. Therefore: 


U = DRI-(Vn — Vw)/4en (6) 


¢ = 4m U/DRI (7) 


The electrokinetic potential, ¢, is the drop of poten- 
tial across the double layer and is of the order of mag- 
nitude of ten to one hundred millivolts. The amount 
of liquid transported depends upon the nature of the 
liquid (D, R, and ny) and the current, J, but is inde- 
pendent of the dimensions of the tube or diaphragm. 
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If the experiment is conducted in a U-tube, rather 
than in a horizontal one, a hydrostatic head is built up 
that gives rise to a flow of liquid in the opposite direction 
to that caused by the electroédsmotic flow. For the 
simple case of the ordinary capillary, Poiseuille’s lay 
for the flow of liquids in tubes can be combined with 
equation (6) to give: 

t = Pr'rt/2DRII (8) 


where P is the pressure gradient, r the radius of the cap. 
illary, and / the length of the capillary. 

The assumptions made in this proof are the same as 
those made by Helmholtz. The same equation is de. 
rived but the method is simpler, clearer, and more 
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FiGuRE 6.—REGION OF ELEcTROdsMOTIC FLOW 











general. In addition, the analogy to a condenser and 
the assumption of a fictitious electrical center of a 
double layer are unnecessary. 

Electrophoresis—The phenomena of electrophoresis 
can be discussed from two points of view—from the 
theory of ionic migration or from a standpoint similar 
to that used for electroésmosis. 

From the first point of view, colloidal particles be- 
have as individual ions of high molecular weight and 
charge (called “‘Gegenionen’”’) and show a migration 
rate in an electric field that approximates that of the 
common ions, except hydrogen and hydroxyl. Size 
has little effect upon the rate since a large radius cor- 
responds to a large surface with a larger charge which 
counteracts the effect of the increased viscosity. Col- 
loids with a positive charge migrate to the cathode while 
those with a negative charge go to the anode. This 
migration occurs in pure water or in solutions of elec- 
trolytes. There are some colloids that do not move 
in an electric field when suspended in pure water, but a 
great many of these are positive in acid solution and 
negative in basic ones. 

From the second point of view, a double layer arises 
on the surface of the particles. An electric field will 
tend to displace the negatively charged particle, as in 
Figure 7, with respect to the positively charged liquid. 
The particle is more free to move than the liquid, which 
is retarded by its own viscosity, and consequently ex- 
hibits a migration. 

Considering the particles as “‘Gegenionen,’’ an elec- 
tric field acts upon them with a force, F,, which is equal 
to the product of the field strength, Z, and the charge, 
ze, where z is the number of elementary charges, e. 


F, = zeE 


’ 
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The frictional force acting upon a spherical particle, 
f, is, from Stokes’s law, 


Ky = 





—Omrnre 






where r is the radius of the particle and c its veloc- 
ity. At the steady state the two forces balance, so: 







zeE = —6nnrc 





(9) 





—2eE/6arnr 


c 





But ze is the charge, g, and the potential of a sphere in a 
medium with a dielectric constant, D, is: 


¢ = 9/Dr 









Therefore equation (9) becomes: 






_ EDt 


- ( 
mn (10) 





C= ——— 


E 4 
6xn 7 





The electrophoretic velocity is proportional to qg/r. If 
q is directly proportional to r, c will be independent of 
the size of the particle. 

The assumptions in this proof are: spherical form, 
a rigidly attached layer of water that produces friction 
with the main body of the liquid, no orientation of the 
water by the electric field of the ‘‘“Gegenionen,” and no 
disturbing fields as would arise from the presence of 
other ions. 

Helmholtz did not derive an equation for electro- 
phoresis but suggested a method and also pointed out 
that the assumptions made in the consideration of 
electrodsmosis were necessary in this case as well. 
Smoluchowski later derived the equation that is used 
at the present time (11). 

It is readily seen, however, that an independent deri- 
vation of the electrophoretic equation is unnecessary 
since electrophoresis is the negative of electroésmosis— 
in the first case the solid moves, while in the second the 
liquid moves. Many independent derivations are to 
be found in the literature. Porter (10) finally arrives 
at the equation: 





















(11) 





$ = —4xnv/DRj 


where v is the electrophoretic velocity and j the current 
density. In this case the area enters into the current 
term instead of the flow term as in electrodsmosis. 

Equation (11) solved for v and equation (10) are 
equivalent, having the same dimensions, but differ in 
that equation (10) has the numerical factor '/. while 
equation (11) has the factor '/,. Debye and Hiickel 
(12) in their derivation of the formula describing elec- 
trophoresis arrive at an expression for the total force 
of the system: 
















k = —Ayn + AxDEf 





where A; and A, have the dimensions of length and, in 
general, are not known. At equilibrium, k = 0, so: 
A, DE¢ 
1 


je an 








A,/A, is a dimensionless quantity which depends upon 
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the shape of the particle under consideration. For a 
sphere it is '/gr and for a cylinder it is */,7. 
Experimentally it has been found that the migra- 
tion velocity does not vary with the shape of the par- 
ticle (13). An examination of the assumptions used 
explains the difficulty. Those made by Smoluchowski 


were (14): 


(1) The presence of the particle produces a distor- 
tion of the electric field in such a way that the 
electric current passes tangentially along the 
surface of the sphere. 

(2) The double layer is so thin that the electric field 
can be considered to be parallel to the double 
layer in the entire range of the latter. 

(3) The electric field does not deform the double 
layer. 


The key to the discrepancy of the numerical factor 
lies in assumption (3). Henry has shown (15) that if 
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the thickness of the double layer is so large that the 
greatest part of it is so far away from the particle that 
the distortion of the field is negligible there, then the 
factor 1/s is valid. For this case he calculates that 
the thickness of the double layer must be about six 
hundred times as large as the radius of the particle. 
For values between one and six hundred, the constant 
increases from four to six. Therefore, both results are 
correct for limiting cases. For very thick double layers 
the factor may be even larger than 6 due to the forma- 
tion of an asymmetric double layer (16). 

Streaming Potential.—lIf, instead of applying a po- 
tential to the electrodes of the electroésmotic apparatus 
and allowing the liquid to stream through spontane- 
ously, the liquid is forced through the diaphragm, it is 
found that there exists a potential difference across the 
electrodes. The movable part of the double layer is 
being forced to travel between the two electrodes, thus 
setting up the potential difference. This streaming 
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potential is most easily calculated by the method pre- 
sented by MacDougall (17). 

The streaming potential set up is sufficient to send 
an equal current in the opposite direction. The ve- 
locity, c, of the liquid in the capillary of radius r varies 
with the distance, x, from the axis. This variation is 
given by the expression (18): 


c = P(r? — x)/4yl (13) 


where P is the pressure difference and / the length of 
the capillary. Poiseuille’s equation states that the 
total flow of liquid, U, is: 


U = arr*-r?P/8yl 
The average value of ¢ is: 
u = U/xr? = Pr?/8yl 


The velocity of the movable part of the double layer, 
ca, can be found if (r — 6) is set equal to x in equation 
(13) where 6 is the thickness of the double layer. Since 
6 is small in comparison to 7, 6? can be neglected and the 
following is obtained: 


ca = Pbr/2nl = 46u/r 


The current J from the motion of that charged layer 
is: 


I = 2xroca = arab P/nl 


o being the charge density. The equal current in the 
opposite direction set up by the streaming potential is 
given by the equation: 


I = arPkS/l 


where & is the specific conductance of the liquid in the 
capillary. Equating the two currents and solving for 
S, the streaming potential: 


S = Pod/nk 
Substituting into the fundamental equation (1): 


S = PeD/4ank (14) 


and 


£ = 4nnkS/PD (15) 


The streaming potential is independent of the dimen- 
sions of the capillary. 

Ettisch and Zwanzig (19) found that the above equa- 
tion did not hold exactly at higher pressures but that 
the curve approached a limiting value. This indicates 
that the double layer is broken closer to the solid sur- 
face the greater the mechanical force applied. 

The above equation can also be derived from the 
electroésmotic equation in one of the early stages of 
development analogous to equation (5) by combining 
it with Poiseuille’s equation and then equating the 
mechanical and electrical work (20). Thus all the 


equations developed for the electrokinetic phenomena 
can be obtained from a common source. 

Sedimentation Potential—In this effect the solid 
moves relative to the liquid and produces an electro- 
motive force by dragging part of the double layer along 
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with it. Just as the electrophoretic equation was 
found to be the same as the electrodsmotic equation, the 
general equation for the streaming potential also should 
be valid for the sedimentation potential (S) where P 
would be the pressure difference produced by the falling 
particles. For small spheres, P will be the apparent 
weight of the particles in the liquid. 

This method has not been capable of yielding 
quantitative results and attempts to devise an empirical 
formula by Gortner and his colleagues have failed, 
This is due, no doubt, to the fact that large particles 
have complicated formulas of motion and small par. 
ticles do not fall in a straight line, being subjected to 
Brownian movement. 

This method is convenient, however, for measuring 
the sign of the charge on the particles. 


ASSUMPTIONS PERTAINING TO THE QUANTITIES IN THE 
ELECTROKINETIC EQUATIONS (21) 


Dielectric Constant.—The value of the dielectric con- 
stant is perhaps the least known of the quantities enter- 
ing into the electrokinetic equations. Helmholtz used 
the value 1, assuming that the thickness of the double 
layer was such that no molecules could occupy the in- 
tervening space. On the basis of the modern theory of 
the diffuse double layer (see page 525) this is no longer 
tenable. Rideal assigns the value of about 7 (22), 
while in most investigations the ordinary dielectric con- 
stant of the solvent is used. The dielectric constant 
of water under varying conditions of frequency and 
under high intensity electrical fields has been shown to 
vary from very low values (approaching 1) to the nor- 
mal value of 80. The double layer builds up a large 
electric field in its immediate vicinity and consequently 
would be expected to change the value of the dielectric 
constant. 

Bull and Gortner (23) suggest three reasons why the 
dielectric constant of the double layer would be different 
from that of the liquid in bulk. 


(1) At a surface there is a great tendency for mole- 
cules to become orientated. The potential con- 
‘tributed by this orientation has a very great effect 
upon the dielectric constant and in the double 
layer will certainly tend to increase it above that 
for the liquid in bulk. 

It has been found that there is a tendency for 
material with a high dielectric constant to dis- 
place other material with a lower dielectric con- 
stant from an interface. This is especially im- 
portant in the case of organic liquids with rela- 
tively low dielectric constants because traces of 
water will be adsorbed almost completely at the 
surface, raising the dielectric constant and pro- 
ducing effects entirely out of proportion to the 
actual amount of water present. 

With salt solutions, the dielectric constant is 
greatly lowered for small concentrations, but in- 
creases to values higher than that of pure water 
at greater concentrations. 


(2) 
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(3) Near the ions of an aqueous salt solution there 
exist saturation effects that become greater as 
the ion is approached. The more concentrated 
the salt solution the more important this effect 
becomes since the thickness of the double layer 
is decreased, bringing the ions of the double 
layer closer together (a consequence of the 
theory of the diffuse double layer). This factor 
tends to decrease the dielectric constant. 


The first two of these factors increase the dielectric 
constant and are important in studies on organic liquids 
while the third factor has the opposite effect and is 
important in salt solutions. The conclusion of these 
authors is, ‘“These considerations seem to throw so 
much doubt on the actual value of the dielectric con- 
stant in the double layer that it seems best to us to dis- 
continue its use in the calculation of electrokinetic data 
and simply to express our results as electric moment 
which is the charge per unit area of the double layer 
multiplied by its thickness.” This can be applied to 
all the equations previously derived. For the case of 
the streaming potential: 


¢ = 4enkS/PD (15) 
and 

¢ = 4xqr/D (1) 
Substituting, 

qr = nkS/P (16) 


However, measurements of the dielectric constant 
of very thin films about 1.2 thick of ether, benzene, 
toluene, xylene, ethyl alcohol, water, amyl acetate, 
and triolein by Kallmann and Dorsch (24) show a 
maximum deviation from the normal values of about 
0.5 per cent. This question demands much further 
investigation. 

Coefficient of Viscosity.—It is probable that the vis- 
cosity of the solution in bulk is the same as that between 
the movable and immovable parts of the double layer 
since they are both composed of highly solvated ions. 
It is possible, however, for ions of a salt solution to be 
adsorbed into the interface, increasing the effective 
concentration in that region and thus changing the 
viscosity. There is evidence indicating that adsorbed 
molecules are under a tremendous pressure which will 
certainly change the shape of those molecules with a 
consequent change in viscosity. 

Bull and Moyer (25) refer to experiments showing 
that the viscosity of water is a function of the width 
of narrow slits. Water exhibits a rigidity when placed 
between glass surfaces less than 150my apart and this 
effect vanishes at greater distances. 

The experiments of Bull and Gortner (26) with dia- 
phragms of fine quartz particles show a marked de- 
crease in the streaming potential which became ap- 
parent with particles slightly below 200y in diameter 
and became increasingly important as the size de- 
creased. This is also due to smaller capillaries. 





525 





Any effect due to slippage at the surface has been 
neglected. Lamb (27) introduced a term into all of the 


equations to account for it. It has been demon- 
strated that the slip is zero for glass surfaces while it is 
quite appreciable for metallic ones. Slippage has not 
been considered important in most later treatments of 
electrokinetics. 

Specific Conductance.—The specific conductance re- 
fers to that of the liquid. It is assumed that there is no 
surface conductance by the solid. But surface conduc- 
tance is important when the liquid itself does not have a 
high conductance and it will be considered later; it is 
negligible with salt solutions. When it is necessary 
to take it into consideration, a term containing the 
dimensions of the tube must be introduced. But this 
can be eliminated in experimental work by determin- 
ing the cell constant of the diaphragm with a standard 
solution of potassium chloride. 

Thickness of the Double Layer.—Helmholtz assumed 
that the thickness of the double layer was a constant. 
Further consideration of this point showed that this 
was not the case and led to the transformation of the 
parallel plate theory into the theory of the diffuse 
double layer where the charges are not arranged rigidly 
in two layers directly opposite to each other, but rather 
that one of the layers is rigidly attached to the solid 
surface and the other is extended for some distance 
into the liquid. As the electrolyte concentration in- 
creases, the part of the double layer in the solution is 
pressed closer to the rigid layer, thus decreasing the 
thickness of the double layer. 

The thickness between the two layers (which is now 
an electrical distance, not a mechanical one) has been 
equated to the distance between the layer of no motion 
and the layer of maximum velocity. It is hardly likely 
that this is actually the case, but it is more probable 
that they do not vary in the same manner with a change 
in conditions. 

Other Quantities —With regard to some of the other 
fundamental assumptions, there are some questions. 
For the ordinary velocities encountered in electrokinetic 
experiments, the motion may be considered “‘stream- 
lined”’ except for very irregular particles. Solvation of 
the particle, no doubt, will tend to reduce irregulari- 
ties. 

The assumption of superimposing of the external 
field over that of the double layer is certainly not en- 
tirely correct since the symmetry of the ionic atmos- 
phere will be disturbed. 

Another point is to be noted with regard to capillary 
size. Poiseuille’s law holds only for cylindrical capil- 
laries of not too great diameter and with pressures low 
enough not to cause turbulent flow. 

The electrokinetic potential seems to have a tem- 
perature coefficient (28) which reaches a maximum for 
clay, wool, cotton, and silk at about 35° to 40°C. 

In spite of the objections raised above, there has been 
a remarkable confirmation of the equations that have 
been developed. A complete review of these can be 
found in Abramson’s treatise (J). 
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THE ELECTROKINETIC AND THE THERMODYNAMIC 
POTENTIALS 


A great many different kinds of potentials can exist 
at interfaces. In the course of the development of 
electrokinetics, all of them have been suggested as the 
cause of the electrokinetic potential. Some of these 
are: 


(1) When two solutions containing different con- 
centrations of the same ions in the same solvent are in 
contact, there exists across the boundary a diffusion 
potential as a result of the unequal mobility of the ions. 
This potential decreases in time as the concentration 
of both solutions approaches equality. 

(2) <A thermodynamic or epsilon (e) potential exists at 
the boundary of a solid and a liquid. The character- 
istic property of this potential is its being a logarithmic 
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function of the concentration of the ions of that solid 
in the liquid. It is given by the well-known formula: 
«= a. In ¢c 
nF 

This type of potential also exists at the surface of a 
crystal in contact with a salt solution on account of the 
difference in ionic activity in the solid and liquid phases. 
The product of the activities of both (or more) ions 
must be the same for both phases, but this is not nec- 
essarily true for the individual ions. 
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(3) Since the individual ions have different “soly. 
bilities” in different solvents, a distribution potential js 
set up at the boundary of two immiscible liquids. Here 
again the activity of the salt is the same in both phases, 
but not the individual ion activities. This difference 
is compensated by a potential which is given by: 


RT YA 
r= ¥F ‘In EZ 
where 7, is the distribution coefficient for the anion of 
the salt AK and 7x that for the cation. 

(4) A potential forms at the surface of two solutions 
containing the same solvent but separated by a semi- 
permeable membrane. It is similar to the potential 
arising through the difference in the sedimentation of 
the ions of a salt. 

(5) When adsorption of ions occurs at an interface, 
the activities of the ions are variously influenced and 
an adsorption potential is developed. 


Of the potentials enumerated above, it is very impor- 
tant to differentiate between the thermodynamic and 
the electrokinetic potentials. 
ured perpendicular to an interface, the current flowing 
across the double layer. The {-potential, on the other 


hand, is measured tangentially to the interface, the: 


current flowing parallel to the double layer. This is 
not a very profound distinction since the ¢-potential 
is still the work necessary to take a unit positive charge 
from the interior of the liquid up to the strongly ad- 
sorbed layer (this would necessarily be perpendicular 
to the interface). The ¢-potential is the work neces- 
sary to take a unit positive charge from the interior of 
the liquid to the interior of the solid. 

In electrokinetic phenomena, displacement of the 
solid and the liquid relative to each other does not oc- 
cur at the immediate surface, but against a thin film of 
liquid that is rigidly attached to the solid surface. It 
is assumed that the potential drop is greatest in a thin 
many-molecular layer between the solid and the interior 
of the solution, but what is effective in the electrokinetic 
displacements is only the potential difference between 
the strongly adsorbed layer (not the rigid one) and the 
interior of the solution. The latter potential drop is 
the one that is measured by the electrokinetic technics. 

The e-potential has a definite thermodynamic mean- 
ing, while the {-potential has a meaning that is in- 
separately bound up with the greatly idealized, sim- 
plified, and hypothetical assumptions and with the 
experimentally inaccessible quantities such as the di- 
electric constant and the viscosity as has been dis- 
cussed previously. 

The ¢-potential is usually less than 0.1 volt while 
the e-potential is often as large as 1 volt. The elec- 
trokinetic potential is part of the thermodynamic po- 
tential as is shown in some of the figures on page 527 
but otherwise it is completely independent of it, many 
times having the opposite sign. The ¢-potential ap- 
pears at interfaces where there is no e-potential and the 
opposite effect is also possible. 
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“solu. @] The most easily observed property that shows the 
ntial is @istinction between the two potentials is their action 

Here @yith dilute solutions of electrolytes. This is studied 
Dhases, Byith an interface whose ¢- and e-potentials can easily 
ference Mhe measured. Especially suitable is the glass-water 






interface that was first considered by Helmholtz and 
atensively investigated by Haber and Klemensiewicz 
29) who found that it behaved like a hydrogen elec- 
ode. Freundlich and Ettisch (30) measured both 
potentials on the same sample of glass—the e-potential 
by Haber’s method of standard cells while the ¢-po- 
tential was calculated from streaming potential data. 
The data obtained (in millivolts) follow. 
TABLE 1 
¢-POTENTIAL 
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tface, 10-7 10-6 10-5 10-4 
Water — 14 
d and KCI ~% -%8 -293 =«<¢ 
BaCl: — 29 — 26 — 17 - 3 
La(NOs)s = fj _ —- 1 - 0.5 
Th(NOs)s -~ 21 16 4 
mpor- 
C and €-POTENTIAL 
KCl -92 -—8 -—63 —-54 
meas- BaCls -120 -108 -103 92 
wing La(NOs)s — 89 — 64 — 56 —38 
NOs): -134 -120 -— 88  —46 
other Th(NOs)s 5 
, the: The accompanying graph, Figure 8, shows that the 
his is Mformer potential exhibits maxima and minima, while 
ntial @ the latter falls continuously for all salts. This shows 
large very conclusively that the two potentials are quite 




























yad- different and independent. 
cular Abramson (31) cites an interesting example demon- 
eces- Mstrating the difference. Thin films of proteins, with 
or of @different isoelectric points were adsorbed on glass sur- 
faces and both potentials measured at a definite pH. 
the @ The ¢-potential depends upon the plane of shear and is 
toc- fixed by the nature of the ions at that point. It was 
mof @ different foreach film. The e-potential, however, seems 
It 9 to be independent of the adsorbed layer and was the 
thin @ same for all the films. A determination of the thermo- 
rior @#dynamic potential of an interface rarely gives any 
etic @ information regarding its chemical constitution. 
eo THE STRUCTURE OF THE DOUBLE LAYER 
pis fi The non-identity of the electrokinetic and the ther- 
‘ics. | modynamic potentials led to the development of the 
an- (theory of the diffuse double layer. Helmholtz’s con- 
in- @cept of the double layer represented in Figure 9 as- 
im- jj Sumes that the opposite but equally charged layers are 
the [at molecular distances from each other. In electro- 
di- @ kinetic displacements, the shear occurs between the 
jis- @ layer of positive and negative charges. The lower 
part of that figure shows the potential-distance curve 
ile (mthis region. All the potential drop occurs exclusively 
ec- jj the rigidly adsorbed layer close to the wall. In this 
yo. jg case the thermodynamic and the electrokinetic poten- 
97 tials must be identical. Therefore, this conception of 
ny the double layer must be modified. Gouy (33) sup- 
p- plied this modification by considering that the ions of 
he @ the double layer are subjected to two sets of forces: 





those electrical that tend to make them accumulate at 
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an interface, and those of diffusion (heat motion) that 
tend to reéstablish the original condition of uniform 
distribution of the positive and negative ions. The 
diffusion tendency has little 
effect upon the rigidly at- 
tached negative part of the 
double layer since the elec- 
trical adsorption forces are 
so very large. But this 
effect is appreciable in the 
rest of the double layer 
giving rise to a distribution 
of the cations (in Figure 
10) according to the so- 
called e function of Boltz- 
mann in a manner analo- 
gous to the distribution of 
the air molecules in the 
atmosphere where the diffu- 
sion and the gravitational 
potentials oppose each 
other. The result is an at- 
mosphere of diminishing in- 
tensity and is called the 
diffuse double layer or ionic 


liquid 








atmosphere. FIGURE 9.—HELM- 

F ‘ HOLZ’ DouBLE LAYER 

On the basis of this npn § Irs POTENTIAL 

theory, 6, the distance be- an AFTER KRUY1 
32 


tween the oppositely 
charged Helmholtz layers, is 
the distance between the rigid layer and the electrical 
center of gravity of the diffuse outer layer. This is the 
distance at which an infinitely thin layer of ions having 
a total charge equal to the outer Helmholtz layer must 
be placed in order that it should exert the same elec- 
trical force as the real distribution. Gouy deduced 
the following formula for this distance which serves 
as an index of the distribution of this outer layer: 

$= V; iN, Ra ncem 

4aNe*(2 + 22)ci21 (or C222) 
where z is the valence, the subscript indicating the 
anion or the cation; k, Boltzmann’s constant; J, 
Avogadro’s Number; ¢; or @, the ionic concentration of 
the anion or the cation in moles per cc.; D, the dielec- 
tric constant; ¢«, the chargeon theion. Fora univalent 
electrolyte at 18°, Gouy calculated the relationship 
between the concentration and 6 as given in Table 2. 


(17) 


TABLE 2 
Conc. moles 0.1 0.001 0.00001 Water—Kohlrausch 
dinem. X 104 0.0396 0.0096 0.096 


This shows that an increase in electrolyte concen- 
tration decreases the width of the diffuse layer. With 
pure water it is stretched out into the liquid for a very 
considerable distance. As the concentration of elec- 
trolytes is increased, it is pushed up closer and closer 
to the other layer, reducing the ¢-potential (during 
which time the e¢-potential need not change at all). 
This may occur to such an extent that a true Helm- 
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holtz double layer is formed or the double layer col- 
lapses entirely. 

Unfortunately, however, Gouy’s theory is incom- 
plete and does not check experiment very well. It 
does not predict the correct relationship of the dis- 
tance across the double layer 
and the concentration of 
electrolytes. In addition, 
nomention is madeof thead- 
sorbability of the ions which 
is of the greatest impor- 
tance for capillary-electrical 
processes and for the phe- 
nomenon of flocculation. 
To account for this, Stern 
(34) combined the Helm- 
holtz double layer with 
Gouy’s diffuse layer. The 
charge near the solid resides 
on the rigid layer while the 
charge in the solution is 
partly as a strongly ad- 
sorbed layer at a distance 
of about the mean ionic 
radius from the rigid layer 
and partly as a diffuse layer 
that extends into the solu- 
tion. The potential gradi- 
ent is steeper over the inner 
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FIGURE 10.—Govy’s 
DouBLE LAYER AND ITS 
POTENTIAL CURVE AFTER 


Keovr condenser-likelayerand falls 
off more gently over theouter 
portion. In some cases a twofold ionic stratification 


may exist before the outer layer is reached and the po- 
tential-distance curve will show a point of inflection. 
The normal and abnormal curves are shown in Figure 
11. But Stern’s theory contains many simplifying 
assumptions and cannot easily be checked by experi- 
ment. It probably represents the true state of af- 
fairs more closely than does the theory of Gouy. In 
any case, the point of view advanced by these theories 
is important. 


TREATMENT OF THE DIFFUSE DOUBLE 
LAYER (35) 


MATHEMATICAL 


In the original treatment of the diffuse double layer 
it was assumed that the charges constituting the layer 
had no effect upon each other. Debye and Hiickel 
showed that for concentrated solutions of electrolytes 
the effect of charged ions close together was quite ap- 
preciable and developed equations to account for it. 
These equations are also applicable to the charges con- 
stituting the double layer. 

The potential drop at an interface is always connected 
with a double layer. In a solid or liquid the analogy 
to this double layer is the electric dipole. The relation 
between the potential, V, and the charge density, a, 
is given by Poisson’s equation : 


AtV = —440/D (18) 


Consider a_ solid-liquid boundary with positive 
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charges in that part of the double layer closest to 
the solid. These charges are not necessarily adsorbed 
at the immediate boundary but are located anywhere 
within the point of shear or ‘‘rigidity boundary” that 
separates the inner and outer parts of the double 
layer. Within the “rigidity boundary” the charges are 
not appreciably affected by heat motion, but those 
outside are to such an extent that the diffuse ion atmos- 
phere is formed. Each ion in the atmosphere has, 
on the average, an energy of translation of '/2kT or 
6 X 10-™ ergs. The electrical energy attracting a 
negative ion will be fez where z is the valence and e the 
elementary charge. For a 100-millivolt potential this 
electrical energy is 16 X 10~™ ergs, which is of the 
same order of magnitude as the heat energy. 

If a negative ion comes 
near the surface but still has 
sufficient energy to leave 
against the attraction of the 
electrical force, it will have 
its effective heat motion 
reduced by the influence 
of the opposite charges to 
such an extent that it will 
have a smaller velocity and 
will stay in the neighbor- 
hood of the surface for a 
longer period of time and 
thus will build up, over a 
time average, a negative 
atmosphere that has a 
greater concentration of 
those ions near the surface 
than away from it. The 
opposite effect occurs with 
the positive ions. The time 
average of the distribution 
of the charges can be cal- 
culated from the Maxwell- 
Boltzmann distribution law: 
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FIGURE 11.—STERN’s 
DouBLE LAYER AND ITs 
POTENTIAL CURVE 


oo noe Potential energy)/kT 


or, for this case, 


— (sev) /kT 


n = ne (19) 


where m is the number of molecules where the poten- 
tial is V and m is the number of molecules at the point 
where the potential is zero. 

The charge density at the point where the potential 
is V is: 
— (seV)/kT 


o = Ynez = Unceze (20) 


Substituting this value into Poisson’s equation (18) for 
the potential distribution: 


to ae aeese OAV /AT (21) 
D 

Consider merely the x direction of a plane surface. 

Multiply the preceding equation by dV and integrate 


from x = © to any arbitrary value of x. At the lower 
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jmit the potential is zero and the first derivative is 
also zero. 

x=xX 
v _ 4 
dx? D 


x= oo 


(Snpeze %V)/kT Gy 


x= @ 


Writing the integrand on the left in an easier form for 
integration and performing the integration: 


Cn X 
dV d 
a? (ZG) 


r= 0 


(Ze). Z at Dno(e~ HV )/kT — 1) (22) 


At the “rigidity boundary,” V is equal to £. Substi- 
tuting from Gauss’s law: 





(dV/dx) = —4nra/D (23) 
in (22) and solving for the charge density: 
og = £V (DkT/2m)Emg(e~)/*T — 4) (24) 


The charge density has the same sign as the electro- 





kinetic potential. This equation permits the calcu- 


Jiation of the charge density from the concentration 


(m/6.06 X 10%) and the electrokinetic potential. 

For two cases this formula can be simplified. 

Case 1.—When the {-potential is such (less than 
twenty-five millivolts) that the quantity (ze{)/kT is 
much less than one, the exponential function can be 
developed in the series form: 

e~ (seh) /RT = 1 — (gef)/RT + */2(zef)/kT)? — 
Substituting the first two terms of this series into equa- 
tion (24) and multiplying out: 





_ [DET (_ Bey 
i. V oe hal aaa = GF laa 
But 22% is zero since the total charge in the electrolyte 


iszero. Therefore 


and 
t = V(4akTD/e=ms*) «/D = Connie EE Hains 


ff 


Performing an additional substitution: 


8 = VDkRT/(4re22m2*) = 1/x (26) 
Then: 


¢ = 44a0/Dx = 4nr05/D (27) 


The quantity « as defined by equation (26) is a very 
important quantity having the units of a reciprocal 
length and it can be interpreted as the reciprocal of the 
thickness of the double layer. It can be put into the 
form : 


EE a eg 2 
k= V4 /DkRT. VV Snizi? = Vite ° 





N 


1000 om 


. La2;? 





The quantity Vv CB is recognized as the square root 
of twice the ionic strength: 


Vea 


If, instead of using the series for ¢, that for V is used, 
equation (22) leads to: 


i257 





oF 5 
dx 


2 
= V5 Dniz;?.V = —KV 


DkT 
or 


o(x) = V(x) = fe (29) 


The last formula shows that the potential in the double 
layer falls off exponentially, and at the “rigidity bound- 
ary” it has fallen to 1/e of its original value. 

An inspection of equation (27) shows that a change 
in the electrokinetic potential may be due to two 
things: a change in the thickness of the double layer, 
6, or a change in the number of ions adsorbed, ¢. The 
thickness decreases with increasing concentration of 
ions especially with the polyvalent ions. The actual 
variation of the electrokinetic potential is ascribed to a 
very large extent to this factor and to a lesser extent to 
the change in the number of ions adsorbed. 

The formula Gouy developed (17) and that expressing 
1/x (26) are very similar and give almost identical 
results except for salts with asymmetric valences. 

Case 2.—If the ions of the electrolyte have the same 
valence: 

nm = 
21 = 22 


then equation (22) becomes: 


(Sy) = afl (e(zeV) ‘kT Aa (seV)/RT _ 2) 


but 
ev —2+e-% = (ev/? — e-v/2)? = 4(sinh y/2)? 


dV\? 4xkT : zeV \2 
1 mates = 2 ct 
/s (S) D n (sint af 
With the proper manipulation and substitution the 
following is obtained: 
2kKT 


oe o—— eae sinh 


so 





zeV ‘ 

2kT - 

Substituting this into equation (23), the charge den- 

sity becomes: 

_ 2«DkT 
4rez 


eV 


sinh ORT 





(31) 


Equation (30) can be integrated by using the proper 
trigonometric formulas leading to: 


V = (4kT/ze) tanh~! (Ae~**) (32) 


This equation gives the potential at any point in the 
diffuse double layer as an inverse function of the hyper- 
bolic tangent of an exponential function of the dis- 
tance. The quantity A is a constant of integration: 


A = tanh (zef/4kT) 


A comparison of equation (32) with the first approxi- 
mation shows that when ¢ is less than fifty millivolts for 
monovalent ions and less than twenty-five millivolts for 
divalent ions the equations of Case 1 hold fairly well. 
Beyond this point the deviation increases very rapidly. 

Again considering a univalent salt and a plane sur- 
face: equation (21), by expansion, is transformed into: 


ita dre? V 
DkT 


262 
aya S33 


D kT 





530 


Therefore: 


A'V = —K*V 


The equations that have been developed are for 
plane surfaces but they can be adapted to spherical 
surfaces by the insertion of the proper boundary con- 
ditions. As x becomes infinitely large, V becomes 
zero. When x is the radius of the particle, 7, 


(S) € 
dx J xmy Dr? 
as a consequence of Coulomb's law for point charges. 
Since the charge density is: 
o = ¢/4nr? 


the second condition becomes: 


dV 
( dx ), rr rom 4xo/D 


Integration then leads to: 
¢ e~K(x—r) 4ro 


z — = —— e~K(z 
Dx (1+ Kr) Dx(l + Kx) 
which gives the potential at any distance from the cen- 
ter of the charged particle. { so: 
4no r 


At the surface V = ¢ 
eo _ dro 
she ala +k) =D *(+Kr) 


This equation is like those previously developed except 
for the additional factor that includes the thickness of 








FIGURE 12.—TuHE {-c CURVES 


the double layer. This equation is the starting point 
of investigations of the effect of particle size on electro- 
phoresis and the effect of different electrolytes on the 
flocculation of hydrophobic colloids (36). 

One of the defects of the simple theory outlined 
above is that it fails to account for the variation of the 
electrokinetic potential with changes in the electrolyte 
concentration. There are, in general, three types of 
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f-concentration curves as illustrated in Figure 19. 
(1) The curves pass through a maximum or a mini. 
mum (a). At low concentration of electrolytes the 
potential increases to a maximum (in the figure) and 
then decreases, approaching the isoelectric point. 

(2) The curves continually rise or fall to the igo. 
electric point (0). 

(3) The curves have both a maximum and a minj- 
mum (c). With increasing concentration it first falls 
to the isoelectric point (7), then increases (with the op- 
posite sign) to a maximum, and finally declines again, 
The reversal of charge at (7) is brought about at lower 
concentrations of electrolytes of higher valence than 
those of lower valence. 


THE THEORY OF STERN (37) 


Some of the limitations and discrepancies of the dif- 
fuse double layer theory were apparent even to Gouy, 
The derivation assumes a concentration of ions so small 
that the ideal osmotic pressure equation is valid. It 
cannot predict the action of electrolytes on the ¢-con- 
centration curves, and it gives a much higher value for 
the capacity of the double layer than is actually the 
case. 

Stern considers that the Helmholtz and the Gouy 
double layers are idealized limits of the real situation, 
If the temperature is so low that the heat motion can 
be neglected, Helmholtz’s theory would be correct. 
All of the negative (say) ions would be arranged op- 
posite to all of the adsorbed positive ions, and the en- 
tire potential drop would occur in the single double 
layer. With an increase in temperature, part of the 
negative ions would leave their position at the interface 
on account of the molecular motion and form a diffuse 
layer in the solution. But those ions that still remain 
at the interface are still arranged as a Helmholtz double 
layer. However, instead of being electrically neutral, 
as before, they have an excess of positive charges that 
are neutralized only by considering the diffuse part as 
well. Stern’s double layer as represented in Figure 11 
can be described thus. The positive adsorbed layer 
has an equal charge density of +09 over the entire 
surface. The corresponding negative charges in the 
solution are arranged partly as a rigid surface layer at 
a distance, 6, which is of the dimensions of ionic radii with 
a charge density of —o, and a potential of V;. The rest 
of the negative charges are arranged as a diffuse layer 
in the solution with a potential that falls off asymptoti- 
cally to zero. The charge density here is —o2 in a 
column of liquid of unit cross-sectional area. There- 


fore, 
=a +a (33) 


These charge densities can be expressed in terms of 


other quantities. In the first place, the ordinary con- 
denser formula can be used for the adsorbed layer: 


7 = D(Vo —_ V;)/436 (34) 
where Vo is the potential of the adsorbed layer. Sec- 


ondly, the general equation analogous to (24) can be 
used for the diffuse part: 
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af PRE. wi 
og; = 

2n 
In this case molar quantities are used with R, the gas 
onstant per mole, and F, the Faraday expressed in elec- 
ostatic units. It is necessary to choose an arbitrary 


value for the potential where the Helmholtz layer ends 
and the other layer begins, so that when it is sub- 


\TION 


No (e FVi/RT _. ¢—FVi/RT) 





re 12, (35) 
mini- 
’S the 
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e iso- 









Mn J stituted into the equations it will give the correct value. 
falls Fit is still necessary to obtain an additional equation 
OP Bior the charge density of the first adsorbed layer. 
gall. FB this can be obtained from kinetic considerations of the 





lower 


th sirface-adsorbing forces with the help of the Langmuir 
an 


adsorption isotherm. The charges on the individual 
jns, € = F/N, and the number of individual ions, 4 
and n—, will determine o; thus: 










C dif- Gq = e(n- - n4) 
7OUY. F onsidering merely the ions of the adsorbed layer. 
~ Consider the adsorption equilibrium set up at the 





interface. Let be the work necessary to take an ion 


























“CON Fitom the interior of the solution where the potential 
€ for is zero up to the interface. Let m be the number of 
y the adsorbed ions per square centimeter, m2 the number of 
‘ ions in the solution per cubic centimeter, 2, the maxi- 
70UY @ num number of ions that can be on a square centimeter 
ton. of surface, and z, the maximum number of ions that can 
Cal’ @ be in the solution. If the course of a single ion is fol- 
rect. J owed for some time it will be found for a fraction of the 
> time, w,, at the interface and for a fraction, we, in the 
*€l- FB plution. If @ were zero, w;/w, would simply be the 
uble ratio of the number of free places on the surface to those 
the in the solution: 
face 
Tuse W/W, = (2, — m)/(z2 — me) 

nain 9 But ¢ is not zero, so this expression must be multiplied 
- by the Boltzmann factor e~*/*"; 

ral, 

that * , 1 o-o/hT 

t as W. 22 — Ne nN 

>11 § When the solution is diluted, m can be neglected in 
yer @ comparison to %; so solving for m: 

tire 

the nm, = 2;/ (: + 22 ot?) 

rat ” 

ith @ But n2/%, is proportional to the mole fraction, c, with 
rest. the constant of proportionality nearly one. 

on The work can be divided into two parts: 

oti- 

la =o + eV; 

Te- = ¢- — eV; 

33) Where ¢; and ¢~ are the work terms for an uncharged 
of 4 Utlace—the adsorption potentials—while the other 
yn “tm is the electrostatic work. Therefore: 

nye = m+ = 2/ (1 + 1 ies - vi/nT ) 
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By thus breaking the layer up into its constituent ions 
a third relationship is obtained: 


ao, = e(n— = n+) 
| 1 
€2; i rene — EIRENE 
1 + e(e- - eVi)/kT 1 + evs + + eVi/kT 
c Cc 
where 2, is the same for both ions. 
In the above case both ions are adsorbed inde- 


pendently. This is the case for a heteropolar sub- 
stance like glass but not fora metal. If an equal num- 
ber of positive and negative ions were adsorbed (a; 
would be zero which is impossible), the 1’s in the de- 
nominator of the above formula would have to be re- 
placed by 2’s. In most cases the value of the number 
lies somewhere between one and two. If only a very 
few ions are adsorbed, this factor is immaterial in com- 
parison to the second term. When many ions are ad- 
sorbed, n+ and n. cannot be far apart since then 
o, and V; would be very large which is actually not the 
case. 

If molar quantities are used instead of molecular 
ones, Z will be the maximum number of ions that can 
be adsorbed on a square centimeter of surface; ®, and 
. the adsorption potentials per mole; and thus the 
above relation can be put in the form: 

+ rn) 


- l l 
o,; = FZ 7 = a 1 a 
2+ —: eX 
c 
(36) 


2+ ; . g(® — FV:)/RT 


For a heteropolar surface use | instead of 2 and in this 
case V; is ¢. Some relations that are apparent from 
the above equations are: a2 is proportional to the 
square root of the concentration while o, is proportional 
to the concentration for low values. At small concen- 
trations, o; is negligible in comparison to o2 and the 
diffuse part of the double layer is predominate. At 
infinite dilution, the ideal diffuse layer is obtained. 
The opposite is obtained with an increasing concentra- 
tion. 

These four equations, by proper substitution, can be 
united into one summarizing equation: 


Ko(Vi — Vo) 
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FZ . se 
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The adsorption potentials can be calculated from the 
charge density-potential curves (electro capillary 
curves). In dilute solutions (up to 10~* moles per 
liter), Vi = ¢ and, at infinite dilution, Vi = Vo. In 


most measurements the diffuse parts are negligible 
(Urban and White (38), however, object to this,state- 


ment) so: 
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KW(Vi = Vo) = 


FZ 
1+ I el? FV,)/R7 liste 
c 


f-c-curves. 
Stern’s theory. 


There are a few possible methods of verifying this 
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FIGURE 13.—VERIFICATION OF STERN’S EQUATION 


c given the value it assumes when V, is a maximum, the 
following is obtained: 


Cu e(?- + @,)/2RT _ e O/2RT 


where Q is the molar heat of adsorption. So: 


©. + 6, = 2RT In cn 
P_ + o, = 2F¢ mazimum 


Equation (37) connects the theory of polarization 
capacity, the electro capillary curve, and the electro- 
kinetic potential-concentration curve. 

Recently Philpot, using a dropping mercury elec- 
trode, found that Stern’s theory is the only one that will 
give a true picture of the double layer at a metal elec- 
trode surface. Helmholtz’s theory gives oo as a linear 
function of Vo at all potentials. Gouy’s theory gives 
it as an exponential function at all potentials. Stern’s 
theory gives oo as an exponential function of V» when 
the latter and c are small, and as a linear function of 
Vo when those functions are large. The theoretical 
curve was evaluated for one concentration using terms 
derived from Stern’s equation and other data but neg- 
lecting the adsorption potentials and it was plotted 


l —_ 
| ty + FV)/RT 
: 


This equation is a quadratic in c and can show the 
maxima and minima that are actually observed in the 
This point is one of the chief values of 
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against the experimental curve as in Figure 13. The 
correspondence is striking. 

Further experimentation testing this theory, ¢. 
pecially when the use of the dropping mercury ele. 
trode is more fully developed, should be a profitable 
field for research. 


SURFACE CONDUCTANCE (39) 


A phenomenon closely related to the electrokinetic 
phenomena but which cannot be fully discussed until 
the structure of the double layer has been reviewed is 
surface conductance. This effect was first predicted 
by Smoluchowski (1905) and experimentally ob- 
served by Stock (1912). It is the effect of a charged 
surface on the conductivity of an electrolyte which is 
in contact with it. A theory of surface conductance 
can be developed from each of the three theories of 
the structure of the double layer, but which is cor- 
rect cannot be adequately determined at the present 
time on account of the scarcity of experimental 
data. Smoluchowski postulated a Helmholtz double 
layer with a surface charge density of —o and an op- 
posite charge density of o at a distance, 6, from it. 
When an electric field is applied parallel to the surface, 
electrodsmosis occurs, the velocity of the liquid, x, 
being given by the simple formula: 


u = ED¢/4rn = Eoi/n 


Since the charges are moving with the velocity, 4, 
the current density, j, will be: 


j = Euo 
and the surface conductance will be: 
A = j/E = 0°5/n = (Df/4r)?(1/n8) 


The diffuse double layer theory gives a_ similar 
expression : 


A = o2/2kn 


which is equivalent to the other if 6 = 1/ox. 

If an electric field is applied to a solution in which 
there is an excess of one of the ions by adsorption or 
phenomena, their motion is responsible for a consider- 
able proportion of the surface conductance. The dif- 
ference between bulk conductance and observed con- 
ductance is surface conductance. 

Urban and White (38) relate surface conductance 
to Stern’s double layer by a simplification and arrive 
at the formula: 


DRTc _ 
S. C./em.? = eer e Ft/2RT (14 + 14) 


where 1, and 1, are the mobilities of the anion and the 
cation, respectively. The surface conductance cal- 
culated from this formula and that observed for 5 X 
10-4 molar potassium chloride check very well and 
these authors believe that the data indicate that all of 
the ions in the double layer are mobile. 
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THE ORIGIN OF THE DOUBLE LAYER 


Thus far very little has been said with regard to the 
origin of the double layer that gives rise to the electro- 
kinetic potential. A brief summary of the theories will 
be presented so as to give a more complete picture of the 
sibject of electrokinetics, but there will be no attempt 
to fully describe this fundamental field. 

Kruyt (40) states that ‘‘the origin of the double layer 
js to be sought in an unequal distribution of potential 
determining ions, and this unequal distribution is due 
to lattice forces.’’ Michaelis (41) considers three 
fundamental sources of the double layer. First, the 
forces of residual valences which cause orientated ad- 
srption. Applying this view to crystalline dispersed 
particles like the silver halides, the process of forming a 
double layer is relatively simple. When silver bromide, 
for example, is precipitated in an aqueous solution con- 
taining an excess of silver ions, a positively charged 
gl of silver bromide with the formula (AgBr),Ag* is 
obtained. With an excess of bromide ions, the sol 
will be negatively charged, (AgBr),Br~. Only at the 
exact equivalent point will no sol be formed, and pure 
AgBr will be precipitated. Picturing the silver bro- 
mide lattice which is the same as the sodium chloride 
lattice, one sees that in the interior of a cube each atom 
is surrounded by six oppositely charged atoms—that 
is, its affinity is entirely satisfied. But at the surface 
of a particle, only five of the six possible ‘‘valences’’ are 
satisfied; at an edge only four, while at the corners only 
three are occupied. In a solution with an excess of 
bromide ions, the latter will tend to be adsorbed (at- 
tracted) at the points where the unsatisfied ‘‘valences”’ 
exist. The corresponding positive ion will take up a 
position opposite to the bromide ion. Repeating this 
all along the surface, a double layer of bromide and 
potassium (say) ions will be formed. The double layer 
will be reversed if the silver is in excess, and the par- 
ticles will have a positive charge. This is the selective 
adsorption mechanism. 

Consider the silver bromide free from electrolytes in 
awater suspension and add a salt like potassium chlo- 
tide (42). Even at small concentrations a double layer 
is formed with the chloride ion being selectively ad- 
sorbed since the potassium ion will not fit into the lat- 
tice. The potassium ions will form the outer layer. 
The charge and the electrokinetic potential will in- 
crease as long a's chloride ions can be adsorbed. Be- 
yond this point the positive ions will be forced closer 
to the inner layer, decreasing the size of the diffuse 
layer. In this process both the charge and the dis- 
tance of the electrokinetic formula are being decreased, 
so ¢ decreases and approaches the isoelectric point 
where the potassium and the chloride ions are so close 
together that a neutral adsorbed layer is formed. 

With polyvalent ions, further changes occur with an 
increasing concentration that takes the potential past 
the isoelectric point. A new diffuse layer is formed in 
Which the polyvalent ion (say thorium) is the inner 
layer, and chloride ions the outer layer. Thus a reversal 
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The charge and the potential in- 
crease further, reach a maximum, and then decrease. 
The second layer behaves as does the first. 

Secondly, the forces of dissociation can cause ex- 
change adsorption, and this point of view is the basis 


of charge occurs. 


of the chemical theory of colloidal processes. There are 
some polar compounds that dissociate very readily, 
but one of the components is incapable of existing in 
the dissolved state as an ion. The compound remains 
bound to the colloidal aggregate. This is the case with 
silicic acid that dissociates into hydrogen ions and 
silicate ions. The silicate ions, however, stick to- 
gether and are not dispersed. ‘The hydrogen ions, or 
any positive ions, will be selectively adsorbed and form 
a double layer. The potential across the layer will be 
proportional to the dissociation tendency, which, in 
turn, depends upon the nature of the solid and the 
liquid phase. 

When such a layer is treated with foreign electrolytes, 
the effects are very complicated. Ionic substitution, 
which is an extreme case of polar adsorption, occurs. 
The outer layer can be replaced by new ions, and even 
the rigid layer may incorporate some of them. The 
potential may increase or decrease during this process, 
depending upon the variation in the charge and thick- 
ness which are influenced by the valence and discharg- 
ing effect of the ions of the double layer. In layers of 
this kind the charge may increase while the thickness 
decreases or vice versa, making predictions with regard 
to the course of the potential very precarious. At 
higher concentrations, when an equilibrium has been 
established, or, rather, when the double layers have be- 
come saturated with respect to the new components, 
the potential follows the ordinary course. 

Third, a double layer can arise from the spontaneous 
distribution of ions at surfaces in such cases where the 
boundary substances are unreactive chemically and 
do not dissociate. This is the case with such materials 
as cellulose or air bubbles. Regardless of the fact that 
there is no tendency to dissociate or that there are no 
residual valences, a charge exists at the interface. 
This is ascribed to the difference in capillary activity 
of the hydrogen and hydroxyl ions. It is assumed 
that the hydroxyl ion is the more capillary active 
and therefore comes closer to the surface than the hy- 
drogen ion, thereby creating a potential difference. 


PROPERTIES FROM A CHEMICAL POINT OF 
vIEW (43) 


COLLOIDAL 


There are a number of details with which the theory 
of the double layer has not concerned itself. This is 
especially true with regard to the origin of the double 
layer. In general, it might be said that colloidal par- 
ticles owe their charge to the formation of a complex 
composed of ions and the neutral parts of the particle 
held together by means of residual valences. Here the 


theory of the double layer is inked up with chemical 
forces if it is considered that chemical changes accom- 
pany adsorption. 


One: advantage of the chemical 
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point of view is that many of the properties of the col- 
loidal particle can be predicted if the chemical behavior 
of the ions of the double layer is known. Chemically, 
the precipitation of sodium palmitate with a minute 
quantity of calcium ion is merely the formation of an 
insoluble, undissociable compound on the surfaces of the 
particles. Physically, however, this involves the dis- 
charge of the particles and subsequent precipitation. 

In some cases the formation of a double layer may 
be due to a chemical reaction, but in most cases this 
can hardly be the case. Picric acid increases the elec- 
trokinetic potential and the stability of quartz sus 
pensions. It is far easier to consider this on the basis 
of simple adsorption than to become involved in an 
attempt to uncover chemical principles. 

In addition, it should be noted that the so-called 
chemical forces—adsorption, valence, affinity, dis- 
sociation, ionization, and so forth—are based upon the 
more fundamental electrical properties of matter. 


CONCLUSION 


The field of electrokinetic phenomena is still in a 
highly undeveloped state. The physical meaning of 
the electrokinetic potential as expressed by the various 
equations that have been derived is very much in 
doubt. McBain (44) states, ‘It is evidently not real- 
ized how large an element of speculation and personal 
opinion is introduced by expressing data in terms of 
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the contact potential instead of experimentally observed 
quantities.’”’ The discussion with regard to the terns 
entering into the equations brings out this point most 
emphatically. It should be noted that the zeta poten. 
tial has never been measured as such. To most work. 
ers, however, this method of expressing data is most 
convenient for the purpose of comparison. 

Most investigators in this field today are not 
much interested in the physics or chemistry of the 
subject as in its biological applications. This is par. 
donable, since electrokinetics is very important in the 
field of cell physiology because many of the life func. 
tions of the cell can be explained in terms of the con- 
tact potential that exists at the cell walls. The entire 
subject of colloid chemistry is significant here since 
protoplasm itself is a colloid. 

Theoretical developments that will have an impor- 
tant place in the further evolution of the theories con- 
cerning the structure of the double layer are the ap. 
plication of statistical mechanics to the double layer 
(45) and a study of the hydration of ions. 
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HIS COMMITTEE was formed to propose a 
"[“simptiiea nomenclature for an elementary pres- 
entation of the proton transfer concept of acids. 
Since this latter material is just beginning to appear 
in elementary textbooks, an attempt among teachers 
to agree to a common terminology seems timely. 

It is not a function of the committee to express itself 
for or against the use of this system in beginning chem- 
istry; indeed, certain of its members personally oppose 
a general extension of the system. 

A statement of the committee’s methods is appropri- 
ate. Some four hundred papers in the field were ex- 
amined, and condensed into the representative bibliog- 
raphy of some seventy papers attached to this report. 
‘From this, a hundred-page record was compiled, show- 
ing every sense in which every term in the system has 
been used since its beginning. Examination of this 
trecord led to a committee agreement on certain terms 
suitable for an elementary presentation of the sub- 





1 Tentative recommendations of the Committee on Nomencla- 
ture of Acids and Bases, Division of Chemical Education. Pre- 
sented at the ninety-seventh meeting of the American Chemical 
Society, Baltimore, Md., April 4, 1939. 


PART I. 
SUGGESTED TERMINOLOGY 


SUBSTANCES 


acid, base 
proton, hydrogen ion, oxonium or hydronium ion, lyate, and 
lyonium ion 


cation acid or base, anion acid or base, neutral molecule acid 
or base ; 





A SIMPLIFIED NOMENCLATURE 
for the PROTON TRANSFER 
CONCEPT of ACIDS’ 


HUBERT N. ALYEA 


Princeton University, Princeton, New Jersey 


ject, certain terms which were correct but superfluous, 
and certain terms which were incorrect. The com- 
mittee realized only too well that some words listed as 
“avoid” are entirely proper when correctly defined; 
and that use rather than committee fiat is the proper 
criterion. A list, with definitions, of these words was 
sent to the authors in our bibliography. For their 
immediate and generous response, and for their valued 
suggestions the committee is indebted. These com- 
ments were re-worked into the final list, which is sub- 
mitted tentatively herewith. 

In issuing this recommendation the members of the 
committee invite correspondence from the readers. 
We shall continue to receive these criticisms and recom- 
mend a final list. 


L. P. Hammett, Columbia University 

J. H. HitpeBranp, University of California 

W. C. Jounson, The University of Chicago 

E. A. WitpMaN, Earlham College 

H. N. Atyea (Chairman), Princeton University 


The Committee on Nomenclature of Acids and Bases, 
Division of Chemical Education. 


NOMENCLATURE ACCORDING TO THE BR@NSTED SYSTEM 


SUPERFLUOUS OR INCORRECT! TERMINOLOGY 


acid anhydride, basic anhydride!, anhydro base, antiacid, basic 
oxide, protodose, protogene, proton donor, proton acceptor, 
protophile, pseudo-, simple or undissociated base 


H,OH?* ion, hydrion hydrate, hydroxonium ion, hydrated hy- 
drogen ion, solvated Ht ion, solvated hydrion 


uncharged acid or base, neutral acid or base 





SUGGESTED TERMINOLOGY 
mono-, di-, poly-protic acid or base 
conjugate acid, base, or pair 
amphiprotic, aprotic substance 


salt, strong electrolyte, weak electrolyte, non-electrolyte, ester, 
derivative, indicator, molecule, substance 
SOLVENTS 
acid, basic, amphiprotic, aprotic, and mixed solvents 
REACTIONS 


protolysis, protolytic reaction 


ammonolysis, autoprotolysis, hydrolysis, lyolysis, or solvolysis 


neutralization or quantitative protolysis, salt formation, dis- 
placement, addition reaction, endpoint of a titration, equiva 
lence point, salt effect 
CATALYSIS 
acid catalyst, basic catalyst, protolytic catalysis, general 
acid and base catalysis; specific acid and base catalysis 
STRENGTH 


pK, acidity, basicity, strengths of acids and bases 


PART II. DEFINITIONS. 


JOURNAL OF CHEMICAL Epucatioy 


SUPERFLUOUS OR INCORRECT! TERMINOLOGY 
monoacid acid, monobasic acid, monoacid base, and so forth 


corresponding acid, base, or pair 
amphoteric, amphoprotic! substance 


acidate, acid salt, basic salt', metal ester, neutral salt, non-salt: 
‘ ; 
pseudo-acid, base, or salt. 


amphoteric, amphoprotic', indifferent, or inert solvents; 
pholyte 


am- 


acid-base equilibrium, dissociation', double acid-base equilib- 
rium, double decomposition, metathical reaction, proton ex- 
change reaction, protonic transfer, ionization 


amphoteric reaction, medium protolysis,  self-dissociation', 
self-ionization, self-protolysis, solvent ionization 


titration to the neutral point', half-neutralized solution 


general proton catalysis, specific proton catalysis, proton ca- 
talysis 


acid property, dissociation exponent', normal acidity potential, 
proton activity; rational, conventional, or strength constant; 
strength exponent, true acidity 


INCLUDING NOTES EXTENDING THE DEFINITIONS, OR STATING 


WHY CERTAIN COMMONLY USED WORDS HAVE BEEN CLASSED AS SUPERFLUOUS OR 
INCORRECT 


in the Brgnsted sense is a substance having the chemical 
Examples: 


ACID 
property of losing a proton to another substance. 


H;0O+, HCl, HSO,-. 
Note 1: Deuton, omitted for simplicity, can of course be 
substituted for proton in all of these definitions. 
Note 2: Anacid may share a proton with a base rather than 
transfer it completely. 

ACID ANHYDRIDE—Avoid in the Brénsted system. It can 
of course be retained for organic compounds like acetic an- 
hydride. BASIC ANHYDRIDE, on the other hand, has no 
justification. 

ACIDATE—a compound formed by substituting metal for 
hydrogen in an acid, irrespective of the character of the sub- 
stance formed. Avoid to simplify an elementary presenta- 
tion. 

ACID CATALYST—a catalyst which acts in virtue of its being 
an acid. Example: HAc, H;0*+, NH,*. 

Note: The mechanism of the catalysis is a losing of a 
proton to reactants. 

ACIDITY—See Strenctus or Acips which is different. 

ACID SALT—Avoid in the Brgnsted system. See Basic SALT. 

ACID SOLVENT—a solvent which acts as an acid by losing a 
proton to the solute. Example: CH;COOH. 

AMMONOLYSIS—See Lyotysis. 

AMPHIPROTIC SOLVENT —a solvent which may either lose 
a proton to the solute or gain a proton from the solute, de- 
pending upon the acid-base nature of the solute. Example: 
H,O. 


AMPHIPROTIC SUBSTANCE—a substance which can act 
either as an acid or asa base. Example: HCO;-. 

ANION ACID—an acid the molecules of which are anions. 
Example: HSO,-. 

ANION BASE—See Anion Acip. Example: Cl~. 

APROTIC SOLVENT —a solvent which will neither lose a 
proton to the solute, nor gain a proton from the solute. Ex- 
ample: C.He. 

APROTIC SUBSTANCE—a substance which can act neither 
as an acid nor a base. Example: C,Hs. < 

AUTOPROTOLYSIS—a protolytic reaction between two 
molecules of the same substance, which results in the forma- 
tion of ions. Example: 2H,0 —- H;O0+ + OH-. 

BASE—in the Brgnsted sense is a substance having the chemical 
property of gaining (taking up) a proton from another sub- 
stance. Example: OH™-; Cl-. 

BASIC CATALYST—Example: Co(NH;);OH*++; NH;; OH™. 
See Acip CATALYsT. 

BASICITY—See STRENGTH OF BaskEs from which this differs. 

BASIC SALT—Avoid in Brgnsted system. Bjerrum emphasizes 
the incorrectness for example of calling Cr(OH)ClI basic 
chromous chloride: it is correctly named hydroxy-chromo- 
chloride, or chromous-hydroxy-chloride. 

BASIC SOLVENT—a solvent which acts as a base by gaining 
(taking up) a proton from the solute. Example: NHs. 

CATION ACID—an acid the molecules of which are cations. 
Example: [Al(H,O).]***. 
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Example: [(Co(NHs);5- 





CATION BASE—See CaTIon Acip. 
OH)**. 

CONJUGATE ACID, CONJUGATE BASE, CONJUGATE 
PAIR—If the reactions A= H* + B can occur at all, A may 
be called the conjugate acid, whatever its charge, and B 
may be called the conjugate base. Together they form a 
conjugate pair. Examples: NH,+ and NH;; HCO;~ and 
CO;™. 

DIPROTIC ACID—Example: H,SO,. 


DIPROTIC BASE—Examples: HPO,"; 
pROTIC ACID 

ENDPOINT OF A TITRATION—in the presence of an indi- 
cator, where Cy, (indicator) = Cg, (indicator); that is, the 
point at which the indicator changes color. In principle, the 
endpoint either in the presence of indicator or in electrometric 
or potentiometric titrations is the EQUIVALENCE POINT, 
that is, the point at which the amount of acid added is equiva- 
lent to the amount of base started with, or vice versa. 


HALF-NEUTRALIZED SOLUTION—Avoid in a 
treatment. 

HYDROLYSIS—See Lyocysis. 

HYDRONIUM ION—See Oxonivum ION. 


INDICATOR—any conjugate pair in which the conjugate acid 
differs in color from its conjugate base. Example: litmus. 
IONIZATION—may be omitted in the Brgnsted system—an 


interaction between a molecule and its solvent resulting in the 
formation of ions. Example: HCl + H,O —~ H;O+t + Cl-. 








on-salt; 






See Monoprotic ACcIpD. 
SO,”. 
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ntial, Note 1: Ionization is not dissociation. For example, an 
stant; ion pair such as the solute forms in solvents of low dielec- 
tric constant may be said to be ionized but not dissociated. 
Note 2: Although certain oxidation-reduction reactions 
can formally be included in this definition, it is probably 
better to exclude them in practice. 
ING LEVELLING EFFECT OF WATER—a phenomenon suitable 
OR for elementary presentation—a protolytic reaction between 
strong acids and water to form the oxonium ion, the presence 
of which gives an appearance of equal strengths to acids whose 
strengths differ in a non-aqueous solvent. Examples: 
| HNO; + H,O + H,O+ + NO;7; 
i HCl + H,O0 + H,O+ + Cl- 
wns A quantitative yield of oxonium ion is obtained in both in- 
stances, although the strengths of these acids differ. 
pre LYATE ION—a solvent molecule minus a proton. Examples: 
Ex. OH~ in water; CH;COO7 in glacial acetic acid. 
LYOLYSIS—or SOLVOLYSIS (also HYDROLYSIS, AM- 
ther MONOLYSIS and so forth)—a protolytic reaction between a 
cation acid or an anion base and the solvent (water, am- 
ine monia, and so forth). Example: 
ma- NH,+ + H.O = NH; + H,0+; CN- + H,.O = HCN + OH- 
; LYONIUM ION—a solvent molecule plus a proton. Examples: 
or | H,O+ in water; NH,* in liquid ammonia. 
sub- 
MOLECULE—Common usage today loosely extends the defini- 
q- tion to include ions. Example: H,0; HSO,"; Nat. 
’ @ MONOPROTIC ACID—an acid which has only one proton to 
lose to a base. Examples: HCl; HSO,-. Also DIPROTIC 
| ACID, and so forth, POLYPROTIC ACID. A majority of 
izes referees preferred this to MoNOACID AcID or MONOBASIC ACID, 
ASIC and so forth. 
no- 
MONOPROTIC BASE—Examples: H2PO,"; NH;. See 
™ MoNOPROTIC ACID. 
NEUTRALIZATION—a protolytic reaction which occurs when 
= two substances, one of them acid with respect to the solvent, 
é the other basic, are mixed in equivalent quantities. Example: 






H,0*+ + OH~ — 2H:0. 











Note: The term QUANTITATIVE PROTOLYSIS has 
been suggested. 

NEUTRAL MOLECULE ACID—an acid, the molecules of 
which are electrically neutral. Example: HCl; H.SO,. 

NEUTRAL MOLECULE BASE—See Neutra, MOLECULE 
Acip. Example: NHs. 

NEUTRAL SALT—See Basic SALT. 

NON-ELECTROLYTE—a substance whose solution is not 
ionized. Example: sugar. 

OXONIUM ION—or HYDRONIUM ION—the ion H,0*. 


Note: OXONIUM ION was much favored over HY DRO- 
NIUM ION. Both, however, have staunch supporters. 

POLYPRCTIC ACID—See Monoprotic Acip. 

POLYPROTIC BASE—See Monoprotic Acip. 

PROTOLYSIS, PROTOLYTIC REACTION—a reaction in 
which a proton is transferred from an acid toa base. Example: 
A; + Bz, — A, + Bi; asin HCl + CH;COO — CH;COOH + 
Cr. 

PROTOLYTIC CATALYSIS—a catalysis in which acids, bases, 
or both, act as catalysts by virtue of their undergoing protolytic 
reactions. Example: mutarotation of glucose (acid and basic 
catalysis); decomposition of nitramide (basic catalysis). 


PROTON—the ion H*. This is more specific than the term 
HYDROGEN ION, which is applied loosely not only to H+ 
but to all lyonium ions. 

PSEUDO-ACID, PSEUDO-BASE—Avoid in a simple treat- 
ment. These words have been applied to substances which 
exhibit slow neutralization. 


SALT—an ionic compound. Example: NaCl. 


SELF-IONIZATION—Avoid, since it would apply not only to 
protolytic reactions but to a reaction such as I,~ —~ I~ + I~. 
See AUTOPROTOLYSIS. 


SOLVOLYSIS—See Lyotysis. 


STRENGTH EXPONENT—Use pK (pronounced Pee Kay) 
instead. 


STRENGTHS OF ACIDS—the relative extent of reaction of 
the acids with a given base under identical conditions; the 
stronger acid reacts more completely. For most purposes a 
satisfactory numerical measure of strengths is given by the 
equilibrium constant for the reaction of the acid with water in 
dilute aqueous solutions; that is to say, by the ionization 
constant (protolysis constant) in water solution. 


Note: The ACIDITY and the STRENGTH OF AN ACID 
are two different things; and bear the same relation to each 
other as pH and pK. Wesay 1 N HCI in water has a cer- 
tain ACIDITY (pH) but the STRENGTH OF THE ACID 
HCl, relative to H,SO,, HNO; and so forth, is measured 
by pK. BASICITY and the STRENGTH OF A BASE 
differ in the same way. 

STRENGTH OF BASES—it is simpler to refer only to the 
strength of the conjugate acid, just as pH is sufficient with- 
out introducing the concept pOH. See note under 
STRENGTHS OF ACIDS. 


STRONG ELECTROLYTE—See SAtt. 

SUBSTANCE—any particular kind of matter, whether element, 
compound, or mixture; and including molecules, atoms, atomic 
fragments, and ions. 

UNCHARGED ACID, UNCHARGED BASE—Avoid, since 
it does not indicate internal charges, as does NEUTRAL 
MOLECULE ACID. 


WEAK ELECTROLYTE—a substance whose solution is not 
completely ionized. Example: HgClh. 
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A NEW METHOD of DISPENSING 
QUALITATIVE UNKNOWNS 


CARL E. OTTO 


University of Maine, Orono, Maine 


HE work of dispensing qualitative unknowns 
may be divided into three parts, making the 
mixtures, dividing these into individual portions, 
and keeping record of the sample given each student. 
Some teachers do all, some none of this while the 


student is waiting. A common method of dispensing 
the unknowns is to pour directly from a previously pre- 
pared stock bottle of mixture into the student’s bottle 
or test-tube while he waits and record at that time the 
mixture given. Some fill the individual bottles from 





J. Curw, | 


Nov! 


the st 
Swan 
numb 
track 
tags t 
seal a 
name 
jor® n 
disclo 
Wher 
analy 
give 
obvia 
stude 
a I 





ATION 





4th ed, 


. Crew, 
bid., 12, 


’ (1933): 


, 2 


d mole. 
33, 149, 


3); J. 
(1924); 
), abid,, 


». Fara- 


30). 
y New 


Ik Co, 


ndiana 
1935): 


ing 
re- 
tle 
he 









NOVEMBER, 1939 


the stock bottles before the laboratory period begins. 
Swann! describes the filling of many small, serially 
numbered bottles from the stock bottles and keeping 
track of the mixture in each small bottle. Furman? 
tags the bottles with the composition hidden by a wax 
seal and, when the bottle is issued, writes the student’s 
name on the removed tag and files it for record. Tay- 
lor? marks the bottles with a coded number system that 
discloses the composition to one who knows the system. 
When the students of Swann or Taylor report their 
analyses, the bottles they return at the same time 
give the clues to the correct analyses. These systems 
obviate keeping record of the sample given to the 
student, and this is occasionally a help, for it avoids 
the possibility of a student turning in a report for an 
unknown which the instructor has no record of issuing. 

Dispensing from the stock bottle while the student 
waits is subject to the criticism that all students do 
not receive the same amount of unknown. Crafty 
students will bring a vessel of large cross-section be- 
cause the instructor unconsciously pours a greater 
volume into it than into a more slender one. It is 
better, therefore, to have the samples previously di- 
vided into individual portions. 

There is also the more serious objection that, as long 
as ordinary bottles are used for the stock bottles or the 
individual portions, there is danger from contamina- 
tion from laboratory fumes, from drip from upset 
bottles, or dust from spilt chemicals on higher shelves, 
and, perhaps, from the use of old contaminated corks. 

These difficulties have been overcome by issuing 
unknowns in small hermetically sealed ampoules which 
are used once and then thrown away. Since they are 
of uniform size, all portions are of approximately the 
same volume. Since they are sealed immediately and 
cleaned by the student before opening, the solution 
remains uncontaminated. Unknowns containing sub- 
stances which react with air, volatilize, or attack cork, 
remain unchanged. 

The unknown mixtures are made up from stock 
solutions, which have been kept free of contamina- 


knowns,” J. CHEM. Epuc., 8, 350-2 (1931). 

2 FurMAN, N. H., “‘The technic of conducting the introductory 
college course in qualitative analysis,’’ ibid., 5, 946-56 (1928). 

3 TayLor, A. L., ‘‘A new code system for dispensing qualita- 
tive analysis unknowns,” ibid., 9, 1811-4 (1932). 


539 






tion by capping the bottles, and placed in a fine tipped 
buret. From this the solution is run into the ampoules, 
the tips of which are immediately closed by fusing in ‘ 
the flame of a blast lamp. Two people can mix the 
solutions, and fill and seal three hundred ampoules 
(twenty each of fifteen mixtures) in about two and one- 
half hours. In consideration of the minutes saved at 
the time of issuance to the student, the avoidance of 
the mess of pouring solutions at that time, and the 
prevention of contamination, the time is well spent. 
The ampoules are cheap enough to use once and dis- 
card. 

Alloys and other non-hygroscopic solids are por- 
tioned out in gelatin capsules, such as are used in 
medicine, and these, like the ampoules, permit equal 
quantities to be dispensed easily and quickly to each 
student. 

As for keeping a code book on the sample issued to a 
particular student, the labeling method of Swann, 
Furman, Taylor, or any other system can be used. In 
general, the simpler it is, the better, if it is safe from 
decoding by the student. Swann’s method involves 
an intermediate record in getting back to the record of 
the composition. Furman’s method requires the keep- 
ing of the separate tags and finding the right one when 
an analysis is reported. If Taylor’s students ever 
read his article, they can quickly learn how to ascer- 
tain the number of ions in their unknowns and, with a 
few returned corrected reports, his key element and 
the whole secret of his code is out. With this in mind 
the author hesitates to disclose his method in full. 
The compositions are kept in a code book and num- 
bered. A series of numbers, different for every por- 
tion of a given composition, is placed on each ampoule 
and this by an easy mental process is converted to the 
number in the code book. From this the correct analy- 
sis is obtained. 
































SUMMARY 





Unknown solutions hermetically sealed in ampoules 
of just the size for an individual student’s analysis as- 
sure the instructor that the student receives them with- 
out contamination. A coded labeling system does away 
with keeping a record of which sample was issued to 
a student. 












DIVISION OF CHEMICAL EDUCATION 


EXECUTIVE COMMITTEE MEETING, 

The Executive Committee of the Division met in 
Boston at 10:00 a.m. on Thursday, September 14th. 
Present: M. V. McGill, S. R. Brinkley, N. W. Rake- 


_ straw, Virginia Bartow, W. T. Read. 


After discussion, it was voted to amend the By-Laws 
of the Division in two respects: (1) Altering the mem- 
bership of the Executive Committee to include two mem- 
bers-at-large and only one past chairman (instead of 
two). (2) Providing that the chairman of the Division 
shall not be ex-officio chairman of the Board of Publi- 
cation, but that the Board shall eléct its own chairman. 








A suggestion for future programs was made and 
approved: That at each of the several following 
meetings papers by experts be invited, dealing with 
successive topics in the content of courses in general 
chemistry, and that eventually these papers be pub- 
lished in collected form, to serve as reference text 
material. 







R. A. Baker was elected to the Board of Publication 
for three years, succeeding G. J. Esselen. 











Norris W. RAKESTRAW, Secretary 





Lhe STRUCTURE of LIQUIDS 


JOSEPH O. HIRSCHFELDER 


University of Wisconsin, Madison, Wisconsin 


The Eyring theory of liquids is developed in terms of 
elementary thermodynamics and a simple picture. An 
equation of state is derived which is shown to be the limit- 
ing form of the van der Waals equation for close packing. 
The Hildebrand and Trouton rules for vapor pressure, 
the entropy change on melting, and the temperature coeffi- 
cient of viscosity are explained. 


Pe eS |S + 


ANY of the properties of liquids can be ex- 
M plained in terms of a simple picture. Only a 

rudimentary knowledge of thermodynamics 
is required to understand the origin of the equation of 
state, the Hildebrand and Trouton rules for the vapor 
pressure, the entropy change on melting, the tempera- 
ture coefficient of viscosity, and so forth. Our pres- 
entation follows the work of Henry Eyring! and his 
collaborators. The novel ideas which they developed 
have been solidly grounded to the experimental data of 
Hildebrand, Debye, Gibson, Eucken, and others,? and 
their viewpoint has formed a basis upon which Lennard- 
Jones* and others are building a more permanent 
theoretical structure. The Eyring theory of liquids 
corresponds to the Einstein or to the Griineisen ap- 
proximations for the solid state. All of the molecules 
except one are held in their mean positions, and the 
properties of the whole system are estimated from the 
amount of freedom which the one remaining molecule 
possesses. In the solid, this freedom is expressed in 
terms of a vibration frequency or characteristic tem- 
perature, while in the liquid the concept of “‘free- 
volume’’ is introduced for the same purpose. In order 


to obtain an adequate description of the solid state it is © 


necessary to use the elaborate Debye theory. An 
analog of the Debye approach must be developed for 


1 (a) Eyrine, J. Chem. Phys., 4, 283 (1936). 
(6) NEWTON AND Eyrino, Trans. Faraday Soc., 33, 73 (1936). 
kc) EyRING AND HIrRSCHFELDER, J. Phys. Chem., 41, 249 
1937). 
(¢d) HIRSCHFELDER, STEVENSON, AND Eyrino, J. Chem. Phys., 
5, 896 (1937). 
(e) Kincarp AND Eyrino, tbid., 5, 587 (1937). 
(f) Kincarp AND EyR NG, ibid., 6, 620 (1938). 
(g) EweLt AND EyrInG, tbid., 5, 726 (1937). 
( 98) HIRSCHFELDER, EWELL, AND ROoOEBUCK, tbid., 6, 205 
1938). 
( HIRSCHFELDER AND ROSEVEARE, J. Phys. Chem., 43, 15 
(1939). 
(j) KINCAID AND EyRING, ibid., 43, 37 (1939). 
* Cf. HILDEBRAND, “‘Solubility,”” 2nd ed., Reinhold Publishing 
Corp., New York City, 1936. 
* (a) LENNARD-JONES, Physica, 10, 941 (1937). 
(6) LENNARD-JONES AND DEVONSHIRE, Proc. Roy. Soc. 
(London), A163, 53 (1937); A165, 1 (1938); A169, 698 (1939). 


liquids. But in the meantime the rough theory of 
liquids developed here is useful, since it predicts proper- 
ties which agree surprisingly well with the experimental 
facts. 

We think of a liquid as a very dense gas with the 
molecules squeezed together by their own forces of 
mutual attraction. Each molecule dashes from side to 
side, knocking back any neighbor which invades its 
portion of the total volume of the liquid. If V is the 
molal volume of the liquid and N is Avogadro’s number, 














FIGURE 1.—THE FREE-VOLUME, y, IS THAT 
SPACE IN WHICH THE CENTER OF A MOLECULE 
May Move witHout COLLIDING wITH ITs 
NEIGHBORS. THE FREE-VOLUME DIFFERS 
FROM THE SPECIFIC VOLUME, », WHICH IS THE 
AVERAGE AMOUNT OF SPACE AVAILABLE FOR 
Eacu MoLecuLE 


the specific volume of each molecule in the liquid, », 
is equal to V/N. But it is the free-volume, v,, rather 
than the specific volume which plays the important rdle 
in determining the properties of liquids. The free- 
volume is that space in which the center of the molecule 
can move and still not collide (on the average) with the 
neighboring molecules. In this effective volume the 
molecules behave like a perfect gas. Figure 1 shows the 
difference between the specific and the free-volumes. 
For all practical purposes, the attractive forces in the 
liquid are sufficiently long-ranged so that the energy of 
the system is the same. It is immaterial in which part 
of the free-volume the center of a molecule happens to 
be located. The repulsive forces are short-ranged and 
only come into play when two molecules actually collide. 
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For simplicity in these derivations, we think of the 
molecules as being rigid and elastic (like billiard balls), 
but this restriction can easily be removed and must be 
corrected before we can compute the correct specific 
heats. The centers of the molecules then move in a 
force-free box of volume, 2. It is force-free because 
attractions between any one molecule and all of the 
others are effectively balanced. The walls of the box 
represent the geometrical constraints imposed on the 
motion of a molecule by its neighbors. We can easily 
calculate this free-volume from the geometry of the 
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FIGURE 2.—-FREE-VOLUME FOR SIMPLE CUBIC 
PACKING OF MOLECULES 






liquid packing. For example, suppose that the mole- 
cules are arranged roughly in a simple cubic lattice. 
When all of the molecules except one are held in their 
mean positions, this one molecule can move a maximum 
distance of 2(v,;/* — d) in each dimension if d is the 
diameter of the molecules. This situation is illustrated 
in Figure 2. The distance between the two outside 
molecules in this figure is just twice the cube root of the 
specific volume. The center of the molecule we are 
interested in (the black one) is then confined to a cubical 
box each of whose sides is 2(v;/* — d). "The free-volume 
is then the cube of this distance or 


y = 8(V/N'/s — d)* (1) 
Usually it is convenient to express the diameter of the 


molecules in terms of the ordinary van der Waals con- 
stant, dD. 
















d= (b/nN)'/ = 0.7816(b/N)*/s (2) 





All of the thermodynamical properties of a liquid may 
be expressed in terms of the free-volume. Vapor pres- 
sure (or more accurately, the fugacity) is our first ex- 
ample. For this purpose we think of a vapor phase in 
equilibrium with the liquid. This vapor obeys the 
perfect gas laws if it is dilute and has a specific volume 
of v, per molecule. When a molecule is taken from the 
vapor phase and condensed into the liquid, it is effec- 
tively compressed from moving in a volume v, to mov- 
ing in a volume y. In both the initial and the final 
states it obeys the perfect gas laws, so that we can use 
thermodynamics to calculate the work required for this 
process. The path by which the molecule is taken 
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from the vapor to the liquid is immaterial, as is also the 
fact that in the liquid the pressure acting on the mole- 
cule arises from the forces of mutual attraction of the 
molecules themselves. Now the work done when a 
perfect gas is compressed isothermally from a volume », 
to a volume y is kT log (v,/v,) where k is the gas con- 
stant per molecule. We identify this work with the 
latent heat of vaporization per molecule, A. Thus 


d = kT log (v,/y) or vy = v, exp (— d/kT) (3) 


Since the molecules in the vapor obey the perfect gas 
equation, 


PreapYg = kT (4) 


where the vapor pressure is 


oe 


Poap = — exp (— d/kT) (5) 
Y 


Ug 


We shall put this equation for vapor pressure into a 
more useful form after obtaining the equation of state. 
First let us examine the free energy. We know from 
simple statistical mechanics that the Gibbs free energy 
for the vapor, F,, is 
F, = 


—NkT log v, — Q(T) (6) 


where 

Q(T) = NRT log {(2amkT/h?)*/*foir frotfint} (7) 
Here (24mkT/h*)’” is part of the translational parti- 
tion function, fos, frot, fine are the partition functions 
for the vibrational, rotational, and internal degrees of 
freedom, respectively. The important property of 
these functions from our standpoint is that they do not 
change appreciably with volume unless the molecules 
are asymmetrical and are so tightly squeezed together 
that their rotational motions are hindered. We shall 
assume for the time being that the rotations are not 
hindered so that Q is the same for the liquid as for the 
vapor. If the vapor-phase is in equilibrium with the 
liquid, the free energy for the liquid, /, is equal to that 
for the vapor 
(8) 


Thus the right-hand side of equation (6) is equal to 
F,, and using equation (3) to express the left-hand side 
in terms of y, instead of v, 

F, = —NkT log (y exp (A/kT)) — Q(T) 


The thermodynamical equation of state follows 
immediately from the free energy 
OF) d log x dv 
sea (s7)r ner ( av )rt (s4)r 
In this equation it makes little difference whether we 
use the Gibbs free energy or the Helmholtz maximum 
work function since pV for a liquid is small (under 
On 
—— = P; h 
oVv/T 7 
internal pressure. Now Professor Joel Hildebrand‘ 


has studied the internal pressure experimentally and 
compared it with the heat of vaporization for a number 


F, = F 


(9) 


(10) 





ordinary conditions). Here — 





4 HILDEBRAND, Op. cit., p. 99. 
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of so-called “normal” liquids. He found that for most 
liquids 


\ = a(T)/NV + NRT (11) 


Or 

+ sv) r 
Here we recognize that a(7°) is the van der Waals con- 
stant, and we are not surprised to find that it should 
have slightly different values at different temperatures. 
It can be shown from theoretical considerations that 
the validity of equation (11) corresponds to the ap- 
proximation that as the liquid is compressed, the fre- 
quency but not the character of the collisions between 
neighboring molecules is changed. Now we are ready 
to express the equation of state in a simple form. 
From equations (1) and (2) we obtain the expression for 
the (Pp 

OV /T 
it follows that 


(p + a(T)/V2)(v — 0.7816b'/sV2/s) = NkT 


and 


P; = a(T)/V? = (12) 


and making use of equation (12) for P; 


(13) 


If we had considered the molecules to be packed in a 
rough body-centered cubic lattice, the numerical con- 
stant would have been 0.7163 instead of 0.7816; face- 
centered cubical packing would have led to the constant 
0.6962. These constants are pure numbers determined 
mathematically, not empirically, from the geometry of 
the free-volume. This equation is exactly like the van 
der Waals equation except that now the excluded vol- 
ume varies as the two-thirds power of the volume in- 
stead of being aconstant. Actually this equation 7s the 
limiting form of the van der Waals equation when the 
latter is corrected for the overlapping of hard spheres. 
Both van der Waals and Boltzmann realized that such 
corrections were necessary. They wrote the equation 
of state as an infinite series of the form 


p+a0/V = ra + b/V + 0.6256%/V? + 0.2869b3/V? + 


0.192854/V*) (14) 


Boltzmann and Jaeger computed the term 0.6255?/V? 
by considering the simultaneous collisions of three 
molecules. Majumdar and Happel® introduced the 
term 0.2869b*/ V* by considering the simultaneous colli- 
sions of four molecules. Now in order to make equa- 
tion (14) agree with our equation (13) throughout the 
range of densities characteristic of liquids, it is only 
necessary to lump together all of the further corrections 
into the term 0.192854/V*. Since this term is of a 
reasonable magnitude compared to the other terms, our 
equation of state seems to be the logical extension of 
van der Waals for the region of close packing. It is 
interesting that this equation just involves the gas 
constants @ and 6. Tables can be made up showing 
excellent numerical agreements between these constants 
cetermined from the liquid and from the gas, but the 
different methods for determining a and 0 from the gas 
data give such varied values that such agreement is 


5 (a) Happe., Ann. Phystk, 4, 21, 342 (1906). 
(6) Mayumpar, Bull. Calcutta Math. Soc., 21, 107 (1929). 
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illusory. A rather sensitive test for the equation of 
state is given by a comparison of the observed with the 
calculated coefficients of compressibility and thermal 
expansion. Table 1 shows a sample of the agreement 
which is obtained. 

TABLE 1 


THe COEFFICIENTS OF COMPRESSIBILITY AND OF THERMAL EXPANSION FoR 
Ligurps!c 


a= V(X), er 


8B X 104 atm.~ a X 103 deg.=! 
Calc. Obs. Calc. 
(C2Hs)20 
CCh 
CHCl 
CcHe 
Now let us examine our equation (5) for vapor pres- 
sure, Prsp = kTy~1 exp (—d/kT). We wish to ex- 
press the free-volume in terms of the heat of vaporiza- 




















FIGURE 3.—POTENTIAL ENERGY FOR 
A MOLECULE. A IS IN THE SIMPLEST 
VERSION OF THE Liguip. B ISIN THE 
Sotip. C Is THE POTENTIAL FOR A 
MOLECULE IN THE LiQguipS WHICH 
LEADS TO THE CORRECT SPECIFIC HEATS 


tion. Combining the equation of state (13) with the 
expression (1) for the free-volume, it follows that 


y = 8N*k*T3V-2(p + a/V2)-3 (15) 


This expression can be further simplified by neglecting 
the external pressure, p, in comparison with the internal 
pressure, a@/V*. Then, from equation (11), A = 
aN-'V-! + NkT. And so 


Prop = =a —L (Ge) im 1] exp (—r/kT) (16) 


8 
Recently Professor Joseph Mayer has shown that for a 
great many substances, in accord with this equation, 
P.apV/RT isa universal function of \/kT. The Hilde- 
brand rule for vapor pressure states that the concentra- 
tion of the vapor, ¢, = Prp/kT, is a universal function 
of \/kT. According to our equation (16) this is true 
except for the term V~! whose variation from compound 
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to compound is unimportant when compared to the 
strong temperature dependence of the factor exp 
(-d/kT). Trouton’s rule is obtained by approximating 
NkT 


— 







by a universal number. For example, if we set 


T = 300°K. and V = 82cc. 
Prap = 35((A/RT) — 1)8 exp (—d/RT) atmospheres 






(17) 






At the normal boiling point 7, (where P,.p) = 1 atm.) 
we can solve this equation for the heat of vaporization 


and obtain: 






r/kT, = 10.4 (18) 





Here we have obtained Trouton’s rule with the very 
best value of the Trouton constant. This constant is 
quite insensitive to the number which is taken for 
NkT/8V and changes by only a few per cent. when 
NkT/8V is changed by a factor of two. However, for 
the extremely low boiling points and small molal vol- 
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FIGURE 4.—TIGHTNESS OF PACKING OF MOLE- 
CULES IN THE SOLID AND IN THE LIQUID AT THE 
MELTING Point. THE DotTTep LINE SHOWS THE 
POSITION OF A MOLECULE IN THE NEXT LAYER OF 
A Bopy-CENTERED LATTICE 


umes of the noble gases, equation (16) gives for \/kT, 
a value around 12 which is still in accord with experi- 
ment. 

The simple theory of liquids requires further correc- 
tions before we can calculate the specific heats. Up to 
this point we have assumed that the potential field in 
which the molecules move was a box similar to that 
shown in drawing (a) of Figure 3. The walls were per- 
pendicular which would correspond to the molecules 
being completely rigid on collision. But we know that 
in a solid where the molecules are almost always in a 
state of collision with their neighbors, the potential 
field is nearly parabolic (as shown in the drawing ())) 
and has a curvature related to the characteristic tem- 
perature. In improving the potential field for the 
molecules in the liquid we assume 

(1) In between collisions the molecules move in a 
force-free space as before. 

(2) During collisions the molecules are repelled by 
their neighbors with exactly the same forces as in the 
solid. And so the walls of the potential well for the 
liquid have the same curvature as for the potential for 
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the solid. Thus the improved free-volume is formed 
by splitting the potential for the solid (6) along the 
dotted line in the middle and inserting a force-free re- 
gion as shown in drawing (c). In this manner, Kincaid 
and Eyring! were able to calculate the specific heats and 
most of the other thermodynamical properties of liquid 
mercury to within the experimental errors. To be sure, 
the few constants occurring in their equations were 
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FIGURE 5.—IN THE SOLID, But NOT IN THE LIQUID 
THE MOLECULES ARE GEOMETRICALLY PREVENTED 
FROM SHARING EACH OTHER’S FREE-VOLUMES. 
THEIR GEOMETRICAL CONSTRAINT IS PORTRAYED BY 
PARTITIONS AND THE DIFFERENCE IN ENTROPY OF 
THE Two SITUATIONS GIVES THE ENTROPY OF 
FUSION 


determined from experimental data, but the agreements 
establish the theoretical relationships as at least good 
empirical interpolation formulas. 

The process of melting is one of the most interesting 
features of this simple theory. Melting occurs when 
the molecules are no longer geometrically trapped in 
their unit cells and can just squeeze through the holes 
in their lattices. For example, if the molecules are 
arranged in body-centered packing (as shown in Figure 
4) this occurs when the lattice is expanded twenty per 
cent. over its value at the absolute zero. Griineisen 
showed that the universality of the Lindemann relation- 
ship for the characteristic temperature depends on such 
an expansion factor being the same for most substances. 
In any case, melting is accompanied by a transition 
from an essentially ordered array to one which is essen- 
tially chaotic. We believe that the entropy of melting 
is just the entropy difference between the ordered and 
the unordered states. This entropy is easy to estimate. 
In the solid, if each molecule has a free-volume, y,, it 
utilizes this free-volume independent of its neighbors. 
In the solid (but not in the liquid) a surplus volume in 
one part of the system is geometrically prevented from 
being utilized in turn by the molecules throughout the 
system. This situation is portrayed in the left-hand 
side of Figure 5. In a liquid, the molecules have a 
communal sharing of their free-volumes. This means 
that sometimes a group of the molecules will be crowded 
into a small space and at other times they will be spread 
apart. The prevalence of such large fluctuations is 
equivalent (from the statistical mechanical standpoint) 
to a condition where all of the N molecules move in a 
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volume WN times the free-volume, 1. e., utilize their total 
free-volume in a gas-like manner (as is illustrated in the 
right-hand drawing in Figure 5). Simple thermo- 
dynamics suffices to show that if NV molecules of perfect 
gas move in a volume Ny they have an entropy of R 
entropy units more than they have for the situation 
where the N molecules are separated and each one is 
constrained to move in a volume of y. Here R is the 
molal gas constant equal to 2.0 k.u. We expect, then, 
that the entropy of fusion of monatomic substances 
should be roughly R = 2.0 8.v. and it is an experimental 
fact® that the average entropy of fusion of a large num- 
ber of monatomic substances is 2.2 B.u. 

The entropy of fusion of polyatomic molecules is 
further complicated by vibrations in the solid phase 
being converted into rotations in the liquid phase. We 
can estimate the entropy of vibration, S,, if we know 
the vibration frequencies from Raman spectra or other 
data. Here for the purpose of numerical calculations 
we use 50 cm.~! in accordance with Pauling’s’ observa- 
From the moments of inertia, we can compute 
The entropy of fusion, 5S, 


tions. 
the entropy of rotation, S,. 
should then be 


(19) 


Table 2 shows the sort of agreement which is obtained. 


Sy = R + S; + S» 


TABLE 2 
(Ss) cate 
6.8 


Substance 


In general the entropy of fusion of polyatomic molecules 
should be roughly 5S, 2 + 3D k.v., where D is the 
number of degrees of vibration which are converted into 
rotations during the melting process. 

Viscous flow is one of the most characteristic proper- 
ties of liquids. Andrade* found that the temperature 
coefficient for the viscosity, n, of hundreds of substances 
could be represented in the form 


n = mo exp (A/3.5kT) 


(20) 


where mo is temperature independent. The constant 
3.5 in this equation varies between 3 and 4 for different 
substances. The reason for this regularity may be 
seen from a simple picture (Figure 6). The molecules 
in a liquid are ordinarily packed so tightly that they 


* Cf. Tayior, editor, “‘A treatise on physical chemistry,” 2nd 
ed., D. Van Nostrand Co., Inc., New York City, 1931. 

’ PauLinG, Phys. Rev., 36, 430 (1930). 

8’ ANDRADE, Phil. Mag., 17, 497, 698 (1934). 
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cannot flow past one another. ‘To make this flow posgj- 
ble, it is necessary to have a surplus volume. To make 
a hole the size of one molecule in the liquid it requires 
work equal to the heat of vaporization. For this rea. 
son, the exponential temperature dependence seems to 
show that the unit process for viscous flow requires the 
formation of a hole approximately a third or fourth the 
size of a molecule. If the flow takes place by the collj- 
sion of two molecules followed by a rotation of the pair 

















FiGurE 6.—TuHE UNIT PROCESS FOR VISCOUS 
FLow Is THE COLLISION OF Two MOLECULES 
FOLLOWED BY A ROTATION OF THE PAIR. THE 
AMOUNT OF VOLUME REQUIRED FOR THIS Mo- 
TION ACCOUNTS FOR THE TEMPERATURE COEFFI- 
CIENT OF VISCOSITY 


through approximately 90°, we can show geometrically 
that the additional volume required is in agreement 
with this interpretation. Metals have a much smaller 
temperature coefficient for viscous flow since in this 
case the atoms can move without their outer shells and 
a much smaller surplus volume is required. 

At the present time, attempts are being made to 
place the theory of liquids on a more rigorous basis. 
The rough theory presented here seems to be adequate 
for treating most of the qualitative aspects of the 
physical properties. This viewpoint is being extended 
to a consideration of the properties of solutions. The 
calculation of activity coefficients should prove par- 
ticularly useful since they are one of the factors which 
determine the rate of chemical reactions in solutions. 

The author wishes to thank the Wisconsin Alumni 
Research Foundation for financial support throughout 
the course of this work. 





In direct opposition to the narrowness of thought, which views all subjects through the distorting mirage of party 
prejudice, stands the absolute freedom of mind of the man of science, who knows, or ought to know, nothing of party, 
and stands with open arms to welcome truth in however strange or unexpected guise she may present herself. In his 
writings the man of science has no lower aim than the diffusion of truth so far as it is known, and no desire to make 


converts to any opinion or party. 


As opposed to the finality of party opinions, he proclaims that truth ts but very 


partially attained by man on any subject, for we can see truth only imperfectly, as she appears altered by the per- 


spective of our own standpoint.—Sir WiLL1AM HuccIns. 
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Anon. Ind. Bull. of Arthur D. Little, Inc., 
145, 2 (Mar., 1939).—‘‘Out of the mire’? has come a new type of 
transparent film which has clay as its raw material. ‘‘Alsifilm,”’ 
as it has been called, has been suggested as a mica substitute, a 
fireproof wrapping material and a waterproof coating for paper 
articles. The clay used in making alsifilm is a ‘‘pure” type of 
bentonite, made up of alumina, silica, and water with the indi- 
vidual particles so small that most of them fall within the colloidal 
range. If appropriate amounts of water are added, it will form 
agel, which, if evaporated, forms tiny fibrils which mat together 
similarly to the matting of wood fibers in forming paper so that 
ultimately the structure is that of a tough, coherent, independent 
film. It may be made so thick that it is stiff and brittle, looking 
like mica and chemically inert. Alsifilm will take ordinary 
printing, colored inks, and printing pastes, or it may be colored 
throughout. 3. O. 
Experimental study of catalysis. A. W. WeLiincs. Sch. 
Sci. Rev., 20, 3-10 (Oct., 1938).—Fourteen experiments are 
described which illustrate catalytic reactions in inorganic and 
organic chemistry. W. 
Demonstration experiments using universal indicators. L. 
§. Foster AND I. J. GRuNTFEST. Sch. Sct. Rev., 20, 11-6 (Oct., 
1938).—Two very satisfactory universal indicators have recently 
been reported. The one of Van Urk has the following composi- 


tion. 


Out of the mire. 


Tropeolin OO 70 mg. Naphtholphthalein 500 mg. 
Methyl Orange 100 mg. Cresolphthalein 400 mg. 
Methyl red 80 mg.  Phenolphthalein 500 mg. 
Bromothymol blue 400mg.  Alizarine yellow R 150 mg. 


The dyes are dissolved in 200 ml. of seventy per cent. alcohol, 
and one drop in 10 ml. of the solution to be tested is recommended. 
Yamada has patented a recipe for a universal indicator which is 
even more satisfactory for demonstration purposes since the 
seven spectral colors fall on even pH units from 4 to 10. Its 
composition is as follows. 

Thymol blue 5.0 mg. Bromothymol blue 50 mg. 
Methyl red 12.5 mg. Phenolphthalein 100 mg. 

The dyes are dissolved in 100 ml. of ninety-five per cent. al- 
cohol, neutralized (to green) with 0.05 M NaOH solution in 
water, and made up to 200 ml. with water. Six experiments mak- 
ing use of universal indicators are described. Ss. W. 

Industrial applications of electroforming. R.A. F. Hammonp. 
Sch. Sci. Rev., 20, 17-27 (Oct., Electroforming is the 
reproduction of an article by electrodeposition, of which elec- 
trotyping is a specialized branch. The principle is obvious; 
a cast or replica of the object is rendered conducting, then made 
the cathode in a suitable electroplating bath. The electro- 
deposit is thus an exact duplicate of the original. One of the most 
important industrial applications is in the manufacture of gramo- 
phone records. Other commercial applications are: manufacture 
of searchlight and projector mirrors, metal sheet, tube, and 
gauze, and water jackets for airplane engines. The process 
receives its widest application in the printing industry where 
it is used in electrotyping, in facing printing surfaces, and in the 
various photoengraving processes. Ss. W. 

The nascent state. A. J. Meg. Sch. Sci. Rec., 20, 28-33 
(Oct., 1938).—The enhanced activity of substances in the nascent 
state, and particularly of nascent hydrogen, has been a problem 
ever since it was discovered. The first of the various theories 
to explain the nascent state is that of Laurent. He was the 
first to put forward the theory, still largely held, that nascent 
hydrogen was hydrogen in the atomic state. This theory has 
the advantage over some others in that it assumes that nascent 
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hydrogen is made up of something whose existence is certain. 
However, there is no proof that nascent hydrogen contains 
atomic hydrogen. The next theory was that of Ossan (1850-60) 
who considered nascent hydrogen to be an allotropic form of the 
element, somewhat similar to ozone. If, however, such neutral 
molecules as H; exist they can only have been formed by the union 
of three H atoms or of a molecule and an atom, either process in- 
volving the intermediate production of atomic hydrogen. 
Another well-known theory of the nascent state is that of 
Berthelot (1865-79) and elaborated by Tomassi (1880-97) which 
assumed that the nascent substance was activated by the heat 
of the reaction. It has since been shown that the data of Tomassi 
were erroneous. Then there is the pressure theory put forward 
by Ostwald. The excess pressure inside a bubble of radius 1078 
cm. in water is about 14,000 atmospheres. Ostwald supposed 
that such high pressures could activate hydrogen, and to some 
extent this view has been verified. It has been pointed out by 
Pinkus that the emphasis on nascent hydrogen has tended to 
overshadow the fact that this is a general problem, and that 
probably every substance at the instant of its formation is in an 
especially active state. Pinkus emphasizes the ionic view, viz., 
that substances when first formed are in the ionic state. In the 
case of hydrogen the theory states that hydrogen ions are first 
formed. There can be little doubt that whether this be the true 
explanation or not, electrical phenomena enter into the enhanced 
activity of nascent hydrogen, and it is probably closely connected 
with the little-understood phenomenon of overvoltage. Over- 
voltage gives rise to an accumulation of ions in the neighborhood 
of the electrode, and it is possible for this increase in concentra- 
tion to account for differences in reaction in the neighborhood of 
the metal. In addition, the actual hydrogen liberated has a 
greater energy than the normal by the amount of the — 


The development of the experimental study of free radicals. 
T. G. Pearson. Sch. Sct. Rev., 20, 181-93 (Dec., 1938).—As 
early as 1832 Liebig and Wohler recognized the radical as a group 
of atoms, and the conception of the radical as a chemical entity 
was generally held. This theory received especial support from 
Kolbe’s (1849) supposed isolation of free methyl from the elec- 
trolysis products of potassium acetate, and Frankland’s (1850) 
alleged preparation of free ethyl from the action of zinc on ethyl 
iodide. When these were proved to be radical-twins, that is, the 
ordinary hydrocarbon molecules, it became usual to regard the 
isolation of free radicals as an impossibility, a view strengthened 
by Kekulé’s theory of valency (1858). The possibility of the 
existence of radicals in the free state was raised by Nef in his 
researches on carbylamines (1892-8). His views, which were 
received with suspicion in spite of the super-abundant evidence 
which he adduced, are close to those now considered to be true. 

Nef, however did not isolate a free radical, an achievement first 
accomplished by Gomberg in 1900 in the preparation of triphenyl- 
methyl. The preparation of free methyl and ethyl was carried 
out by Paneth and Hofeditz. When the vapor of lead tetra- 
methyl was carried into a hot tube by means of a stream of hy- 
drogen lead was deposited just beyond the heated zone, and the 
volatile decomposition products reacted with a previously 
formed deposit of lead. This reaction was proved conclusively 
to occur through the formation of free methyl. Other free radi- 
cals (propyl, ethyl) have been prepared by photochemical de- 
composition of ketones. 

Inorganic radicals which have been prepared, or whose existence 
has been proved through spectroscopic data are, OH, NH, CN, 
and NHy. The experimental methods used in the study of free 
radicals are described and four references given. Ss. W. 














RECENT BOOKS 


LEMRBUCH DER ORGANISCHEN CHEMIb. Wolfgang Langenbeck. 
Verlagsbuchhandlung Theodor Steinkopff, Dresden, Germany, 
1938, xv + 537 pp. 15.5 X 23cm. 15 RM. 

The first half of this book is devoted to an elementary introduc- 
tion to organic chemistry, designed for students meeting the sub- 
ject for the first time. The presentation seems rather brief, but, 
except as noted in the following paragraph, it includes most of the 
topics usually taken up in beginning texts. In a few cases one 
might question the selection of material. Thus, it seems strange 
that the military uses of phosgene and mustard gas should each 
receive as many pages as are allotted to the general properties of 
the Grignard reagent. It is also rather disconcerting, to say the 
least, that the only oximes mentioned in connection with the 
Beckmann rearrangement are syn- and anti-benzaldoxime. On 
the whole, however, the reviewer feels that the author has suc- 
ceeded in writing a satisfactory introduction to the subject. 

The second half of the book consists of rather detailed discus- 
sions of a number of special topics which are entirely omitted 
from the first half. The subjects considered can be listed most 
readily by giving the names of the different chapters. These are, 
in order, Carbohydrates, Proteins, Isoprene Derivatives, Dyes, 
Alkaloids and Other Nitrogen-Containing Natural Products, 
and Catalysis in Organic Chemistry. Except in the chapter on 
dyes, considerable emphasis is laid throughout on the biological 
aspects. The chapter on isoprene derivatives, for example, in- 
cludes not only the terpenes but also the sex hormones, bile acids, 
and sterols, and the chapter on catalysis is largely concerned with 
the enzymes and other organic catalysts of similar action. The 
vitamins, hormones, and auxins are taken up in some detail, and 
their structures and syntheses, where available, are given. (The 
role of nicotinic acid in the vitamin B, complex, however, is ap- 
This second 


parently too recent a discovery to be mentioned.) 

half of the book is interestingly written and, like the first, pro- 

vides a satisfactory introduction to the various fields covered. 
G. W. WHELAND 


Tus University or Curcaco 
CHicaGco, ILLINOIS 


LABORATORY RECORD BOOK OF QUANTITATIVE ANALYSIS. Carl J. 
Engelder, Professor of Analytical Chemistry, University of 
Pittsburgh. Second Edition. John Wiley & Sons, Inc., New 
York City, 1988. 96 pp. 15 K 23cm. $1.00. 

This edition differs from the first (cf. THis JouRNAL, 8, 1011-12) 
mainly in placing the records for volumetric work before those 
for gravimetric. Some extra pages for calculations seem to have 
been added, and the form for gravimetric records modified by 
providing for four weighings for the ignited product, instead of 
three. 

J. H. REepy 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


A MANUAL OF Raproactiviry. George Hevesy, Copenhagen, and 
F. A, Paneth, London. Translated by Robert W. Lawson, 
Sheffield. Second Edition. Oxford University Press, 114 
Fifth Avenue, New York City, 19388. xvi + 306 pp. 54 
figs. 16 X 24cm. $5.50. 

The first edition of this work, published in German in 1923 and 
in English in 1926, was an admirable textbook, dealing with the 
whole subject of natural radioactivity. Although minor changes 
and additions have been made throughout, the present English 
edition differs from the first chiefly in the inclusion of chapters on 
“Positrons and Neutrons’’ and ‘The Transmutation of the Ele- 
ments,” two pages on “The Cyclotron” and an excellent table of 
“Artificially Produced Radioactive Isotopes of the Elements.” 
These serve to introduce the subject of artificial radioactivity— 


in which field such rapid progress is now being made—and to show 
the close relationship between the two types. Nevertheless, this 
volume remains primarily a textbook of natural radioactivity, 
An equally thorough treatment of artificial radioactivity would 
require another volume. The chapter on ‘Application of the 
Radio-elements as Indicators in Physical, Chemical, and Bio. 
logical Investigations,” which has been entirely rewritten and 
enlarged, is of special interest and use to scientists who are not 
(and do not wish to be) specialists in radioactivity. 

This is by no means a “‘popular”’ book, yet it is clearly written 
and well illustrated. No preliminary knowledge is required, 
other than what any advanced student in chemistry or physics 
should have. A few well-chosen literature references are in- 
cluded at the end of each chapter for those who wish to pursue 
the subject further. 

The translator and the publishers, like the authors, are to be 
commended for their work. 

Maurice L. Hucerns 


Kopak RESEARCH LABORATORIES 
Rocuester, New York 


INTRODUCTION TO Atomic Puysics. Henry Semat, Ph.D., As- 
sistant Professor of Physics, The City College of the College of 
the City of New York. Farrar and Rinehart, Inc., New York 
City, 1939. xv + 360 pp. 147 figs. 14 X 21cm. $3.50. 

Ions, ELECTRONS AND IONIZING RADIATIONS. James Arnold 
Crowther, Sc.D., F. Inst. P., Professor of Physics in the Uni- 
versity of Reading. Seventh Edition. Longmans, Green and 
Co., New York City, 1939. xii + 3848 pp. 117 figs. 14 
X 21cm. $4.00. 

These two textbooks cover, to a considerable extent, the same 
material at about the same level of difficulty. It is therefore con- 
venient to consider them together. Although they both are ex- 
cellent in their way, neither one was intended as a text for a chem- 
istry course and neither is suitable for this purpose. However, 
each treats in some detail many topics of great importance to 
physical chemistry—topics which are usually omitted or com- 
pressed and treated superficially in physical chemistry courses. 
Either book could be very useful as a reference for those students 
(may their tribe increase!) who are not satisfied with mere sum- 
marizing statements and who want to learn more about the back- 
ground of our present ideas on elementary particles, atomic struc- 
ture, electromagnetic radiation, radioactivity, and so forth. 

The book by Semat is distinguished by the inclusion of a good,- 
though condensed, treatment of atomic spectra in about a hun- 
dred pages. There is a chapter on waves and particles which 
contains a very brief introduction to the ideas of quantum me- 
chanics. The fact that Crowther’s work is now in its seventh edi- 
tion is evidence of its widespread popularity. It is strong in its 
treatment of electrical conduction in gases and of discharge tube 
phenomena. Both books offer readable and up-to-date accounts 
of what is known about the nucleus and nuclear changes. Here 
Semat’s book is the more complete; there is even a discussion of 
the process of nuclear fission discovered only a few months ago. 

E. J. ROSENBAUM 


Tue UNIVERSITY OF CHICAGO 
Cuicaco, ILLINOIS 


HANDBOOK OF CHEMICAL Microscopy, Volume 1. E. M. Cha- 
mot and C. W. Mason, Cornell University. Second Edition. 
John Wiley and Sons, Inc., New York City, 1988. xvi + 
478 pp. 165figs. 15 X 23cm. $4.50. 

During the last few years the microscope has been accepted as 
an instrument for chemical research and analysis. It has taken 
its place along with the spectrograph, the galvanometer, and the 


546 





Nov 


chemi 
chemi 
which 
cal pr’ 
The 
pooK 
Maso 
have 
yolun 
secon 
tially 
detail 
on al 
table: 
sectic 
expal 
tions 
eryst 
texti 
the : 
techt 
mate 





to show 
less, this 


wctivity, 
Y would 
| of the 
nd Bio. 
en and 
are not 


Written 
quired, 
physics 
are in- 
pursue 


> to be 


GINS 








NovEMBER, 1939 


chemical balance as a measuring tool of precision. With it the 
chemist can determine the optical constants of the materials with 
which he deals as well as the other more commonly studied physi- 
cal properties. 

The appearance of the second edition of Volume 1 of the HANb- 
pooK OF CHEMICAL Microscopy by Professors Chamot and 
Mason is, therefore, very timely. During the seven years that 
have elapsed since the first appearance of this work in the two- 
yolume form, much progress has been made. Happily the 
second edition is not simply a reprinting. While it has essen- 
tially the same organization as the first edition, it differs in many 
details. New material, especially many new references appear 
on almost every page. New data have been added also to the 
tables. A few figures were added, a few were dropped. The 
section on particle size determination of the first edition has been 
expanded to a full chapter in the new edition. Important addi- 
tions have also been made in the section dealing with the crypto- 
crystalline aggregates, oriented aggregates, and so forth (such as 
textile fibers, nitrocellulose, starch). Minor changes appear in 
the sections on illumination, photomicrographs, preparation 
technic and crystals. Condensation or omission of less essential 
materials has made the new volume more useful and yet no 
larger than the old. 

The reviewer is doubtful whether the section on crystal mor- 
phology is yet adequate to provide the background needed for 
the understanding of the optical and crystallographic data found 
in the literature, and in the newer handbooks and tables. The 
section on crystal optics is still rather brief, though perhaps the 
careful execution of all experiments described and supplementary 
lectures will make this part satisfactory. 

The authors and publishers are to be thanked for providing us 
with a new edition of this most useful work. 

F. J. PETTIJOHN 


THe UNIVERSITY OF CHICAGO 
Cxicaco, ILLINors 


by 
CALCULATIONS OF QUANTITATIVE CHEMICAL ANALYSIS. Leices- 
ter F. Hamilton, S.B., Professor of Analytical Chemistry, and 

Stephen G. Simpson, Ph.D., Assistant Professor of Chemistry, 

Massachusetts Institute of Technology. Third Edition. Mc- 

Graw-Hill Book Co., Inc. (International Chemical Series), 

New York City and London, 1939. xiii + 289 pp. 3 figs. 

14 X 20cm. $2.50. 

Many teachers of quantitative analysis are already familiar 
with the valuable qualities of the second edition of this work: it 
has long been a useful source of problem material for instructors 
too busy to invent problems for their students, and it serves as an 
excellent set of models for those who prefer to make their own. 
It is weil filled with useful discussions of methods and principles 
of chemical arithmetic, and may well have served for the pattern- 
ing of class instruction in the subject. The problems represent a 
wide variety of analytical methods, and in themselves serve as 
valuable reminders of the existence of procedures not ordinarily 
included in laboratory instruction. 

The new edition continues this tradition of usefulness, and 
many teachers will be pleased at the inclusion of new problems, 
the expansion of some chapters to afford greater detail, and the 
new chapter of problems on specific determinations. Another 
new feature is the six-page summary of common methods of de- 
termining: each of the more familiar elements. Some improve- 
ments in arrangement have been made: the most obvious is the 
placing of the un-answered problems immediately after the an- 
swered problems at the end of each discussion, in contrast to the 
old way of placing the un-answered problems in a miscellany at 
the end of the book. The full value of having problems with and 
without answers thus is more likely to be realized. 

A large part of the book has been rewritten, in an attempt to 
meet modern trends in chemical instruction. Nevertheless, the 
new edition must be regarded as a compromise between old and 
new attitudes, and in some respects it remains short of the ideal 
for a book of this kind. In the discussion of oxidation-reduction 
equations, far more emphasis has been placed upon ionic equa- 
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tions, and some glaring errors of fundamental viewpoint (such as 
the statement that oxalic acid contains carbon in two different 
states of valence) have been corrected, but there remains a certain 
tendency toward arbitrary rules which are not always fully ex- 
plained. One finds an eight-step procedure for balancing oxida- 
tion-reduction equations, without any mention of the highly ex- 
planatory electron, and it seems that only an unusual student 
would remember such an involved procedure without some such 
simple key to its meaning. The word ‘‘valence”’ is used without 
any attempt at definition: thus bromine in the bromate ion is 
given a ‘‘valence”’ of +5, without any warning that a purely ar- 
bitrary convention is being employed. In the chapter on poten- 
tiometric methods, the authors employ the European conventions 
regarding the signs of electrode potentials, without reference to 
the alternative system of Lewis and Randall. In view of the 
wide-spread use of the latter conventions in more advanced in- 
struction, it would have been valuable to describe both systems, 
and to show that the consistent use of either leads to correct re- 
sults. 

On the whole, however, the third edition of this book represents 
a considerable improvement over the second, and it should be 
looked upon as a very useful aid to teachers of quantitative analy- 
sis. 

ANTON B. BurG 


THe UNIVERSITY OF CHICAGO 
Curcaco, ILLINOIS 


THE CHEMISTRY OF THE CARBON Compounpbs. Victor von Rich- 
ter. Edited by the late Professor Richard Anschiitz. Trans- 
lated from Vol. II/1 of the XII German edition (compiled by 
Prof. A. Butenandt, Dr. M. Lipp, Dr. K. Niederlander, Prof. F. 
Reindel and Dr. F. Rochussen) by T. W. J. Taylor, M.A., 
fellow and tutor of Brasenose College, Oxford, and A. F. Mil- 
lidge, Ph.D., B.Sc. (London). Nordemann Publishing Co., 
Inc., New York City, 1939. xiii + 656 pp. 14.5 X 22.5 cm. 
$15.00. 

Victor von Richter’s well-known CHEMISTRY OF THE CARBON 
Compounbs, which has appeared in numerous German and Eng- 
lish editions, deals primarily with the properties of organic com- 
pounds. Theoretical discussions, while included, are compara- 
tively rare, and then not of an extensive nature. 

The book under review is a translation of the first part of the 
second volume of the twelfth edition of Richter-Anschiitz, 
CHEMIE DER KOHLENSTOFF VERBINDUNGEN, which was pub- 
lished in German in 1935. The text has been brought much more 
nearly up-to-date through the codperation of the individual au- 
thors of the German edition, who, prior to the translation into 
English, submitted additional sections, and in some cases even 
rewrote large portions of their original chapters. Thus, the sec- 
tions dealing with digitalis saponins, the cardiac glycosides, and 
the toad poisons have been entirely rewritten by Prof. Reindel, 
and the section on vitamins has been considerably revised with 
the assistance of Professor A. R. Todd. Many additional refer- 
ences, especially to monographs, have been introduced by the 
translators. The actual work of translation is excellent, and no 
“‘Germanisms’”’ are apparent. 

The book is divided into two large sections: Part A, alicyclic 
compounds (three hundred forty-six pages) and Part B: Natu- 
ral products (two hundred fifty-six pages). Part A has the 
following chapter headings: monocyclic compounds, excluding 
cyclohexane and its derivatives; cyclohexane and its derivatives; 
polynuclear alicyclic hydrocarbons; terpenes and resins. Those 
for Part B are glycosides; tannins, lichen acids, and so forth; 
the active principles of the peppers; natural coloring matters; 
nitrogen-free poisons; sterols, bile acids, and scymnol; vitamins; 
hormones. Alkaloids are not included. 


The arrangement of a typical sub-section (Ring Ketones of the 
Cyclohexane Series, pages 107-20) is the following: 

(A) A long paragraph, in fine print (8-point), describing ten 
general methods of preparing the ketones named in the heading, 
followed by a page dealing with general chemical reactions (six- 
teen in number) which they undergo. 


A short table of the physi- 
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cal properties of some of the cyclohexanones follows (such tables 
are usually omitted in other portions of the book), The re- 
mainder of the sub-section is devoted to a description of the prop- 
erties of the individual ketones, some of which have been men- 
tioned in the table. Copious literature references are given. 
Sub-section (B) follows the same general order (Ring ketones of 
the cyclohexenes), More extensive tables are occasionally used 
to advantage in summarizing the names, formulas, and proper- 
ties of members of a class (as, for example, the carotenoids and 
the anthocyanines), 

The amount of material is far more than would be indicated by 
the number of pages (six hundred fifty-six), because of the use of 
comparatively fine print (10-point in discussions, 8-point in purely 
descriptive matter, both modern face), While this has the de 
cided advantage of making a compact reference book, it has the 
disadvantage of being somewhat more difficult to read than the 
ordinary text. Nevertheless, this volume, and the others of the 
series, are excellent, and it is to be regretted that it has not been 
found possible to establish a lower selling price, so that the book 
night receive the wider distribution that it deserves. 

I, W, BerRGsTROM 


STanrory UNiversrty 
STANFORD UNIVERSITY, CALIFORNIA 


BIOCHEMISTRY FOR MepIcAL Strupents. William Veale Thorpe, 
M.A, (Cantab.), Ph.D. (Lond.), Reader in Chemical Physi- 
ology University of Birmingham, William Wood & Co., 
Baltimore, Md., 1938. viii + 457 pp. 14 X 20cm. $4.50. 
This book is designed to be complementary to physiology 

textbooks; consequently emphasis is laid on the purely chemical 

aspects of biochemistry. A few subjects, such as respiration, 
are excluded and others, such as the chemistry of blood coagula- 
tion and regulation of blood pH, are only very briefly discussed, 
since they are usually taken up in detail in physiology text- 
books. More than the usual emphasis for biochemistry text- 
books is placed on the principles of nutrition and foodstuff com- 
position. The physico-chemical aspects of biochemistry are 
discussed very clearly and in considerable detail. The chemistry 
of digestion, absorption, and metabolism is especially well cor- 
related. The book, as a whole, is well written, and it should 
prove to be a valuable addition to biochemistry textbooks. 

However, in using this book as a textbook, it would seem neces- 

sary to work in close association with the physiology teachers 

for, otherwise, some important subjects, such as the chemistry 
of respiration, and so forth, may not receive the emphasis which 
they rightfully demand. 

J. C. Forses 


Mepicat CoLueor OF VirGiInta 
RICHMOND, VIRGINIA 


Puysico CHeMIcAL Experiments, Robert Livingston, Associate 
Professor of Physical Chemistry, University of Minnesota. 
The Macmillan Company, New York, 1989. vii + 257 pp. 
70 figs. 14 X 2lem. $2.25. 

This is a laboratory manual intended for use in a course in 
physical chemistry. It includes an introductory chapter on 
Measurements, Errors, and Computations, and forty-one experi- 
ments grouped into sixteen chapters. The chapter headings and 
the number of experiments under each are as follows: ‘The 
Gaseous State” (three), ‘The Liquid State” (two), ‘The Solid 
State’’ (two), “The Structure of Atoms” (one), ‘‘Physical Prop- 
erties and Molecular Constitution” (one), “Solutions” (five), 
“Thermochemistry” (two), ‘‘Equilibrium’’ (one), ‘“Heteroge- 
neous Equilibrium” (six), “Chemical Kinetics” (five), ‘‘Elec- 
trical Conductance” (three), ‘‘Equilibria Involving Ions” (three), 
“Electromotive Force’’ (four), ‘Electrolysis and Polarization” 
(one), “Photochemistry” (one), and ‘‘The Colloidal State” (one). 
The appendix includes a table of atomic weights and a four-place 
logarithm table. 


JOURNAL OF CHEMICAL Epucation 


It can be stated at once that this is an excellent book for which 
widespread popularity can be predicted. The introductory 
chapter (fifty pages long) contains a treatment of error theory 
which is unusually complete for an elementary text. At the 
beginning of each experiment just enough theoretical background 
is given to orient the student with respect to the nature and sig- 
nificance of the work to be done, The directions are clear and 
concise and they are accompanied by informative figures which 
are carefully drawn. While the student is referred most fre. 
quently to MacDougall’s Puystca, Cuemistry, this manual can 
undoubtedly be used with any standard text on physical chemis- 
try. 

In several cases two technics are described for measuring the 
same property. For example, both the pycnometer and the 
Westphal balance are used to obtain the density of a liquid. In 
other cases, alternative methods are mentioned with appropriate 
references to books and papers in the literature. The applica- 
tion of the polarimeter, the Abbé refractometer, and a color com- 
parator are described as analytical aids, and there is a good sec- 
tion on the preparation and use of a thermocouple. 

On the other side of the ledger a few blemishes, of various de- 
grees of significance, must be recorded. The student will be 
confused by the use on page 5 of the same symbol (7) for time 
and temperature. On the same page the perfect gas law is given 
as PV = RT and RT is assigned the dimensions of energy, 
while on page 23, PV = nRT. In the diagram of a Beckmann 
thermometer on page 94 the letters designating the parts referred 
to in the text have been omitted. 

Of more importance is the fact that in the determination of 
surface tensions of solutions by the drop weight method (stalag- 
mometer) a rate of flow of twenty drops a minute is suggested. 
It has been shown that this is much too fast a rate and that for 
even fairly accurate values the flow of liquid into the pendant 
drop just before its detachment should be very slow. No men- 
tion is made of the factor worked out by Harkins and Brown, 
although without it large errors may occur. In this experiment 
a plot of surface tension against mol fraction is drawn. It would 
be interesting to the student to carry his work one step further 
and use his data with the Gibbs adsorption equation to obtain a 
quantitative measure of the amount of adsorption. 

A few of the experiments do not harmonize well with their 
chapter headings. For example, under the heading ‘The 
Structure of Atoms’? there is one experiment on the radioac- 
tive decay law, which says nothing about the structure of atoms. 
Similarly under the chapter heading ‘‘Physical Properties and 
Molecular Constitution” there is one experiment on the visual 
determination of the absorption band of a colored solute— 
scarcely typical of an experiment on molecular constitution. The 
chapter on ‘‘The Colloidal State’”’ includes one experiment on the 
adsorption of acetic acid by charcoal. In marked contrast, 
the experiments on reaction kinetics and electromotive force 
cover these topics particularly well. 

With all these points in mind the reviewer feels that the merits 
of this book far outweigh its defects. It is heartily recom- 
mended. 

E. J. ROSENBAUM 


Tue UNIversity or CHICAGo 
Cricaco, ILLINors 


CHEMICAL ANALYSIS FOR MEDICAL STUDENTS, QUALITATIVE 
AND VoLumetric. R. E. Illingworth, Lecturer in Chemistry, 
School of Medicine of the Royal Colleges, Edinburgh, with 
a foreword by G. Barger. William Wood and Co., Baltimore, 
Md., 1988. xii + 151 pp. 12 XK 19cm. $1.50. 

The author states that the subject matter selected has been 
determined largely by the syllabus of the Edinburgh Medical 
Schools. 

The subject matter has been divided into three parts and an 
appendix. 

Part I, ‘Qualitative Inorganic Analysis,” contains a_ brief 
theoretical discussion, a list of reactions of most of the more 
familiar metals and of seven anions. A scheme of analysis is 





Nov! 


given i 
anions 
stance. 

Part 
discuss 
follow 
jga tal 
ing po 
color 1 
the id 

The 
Analy: 
etry § 
potass 
of calc 

The 


UNIVE 
Bau 












which 
Huctory 
theory 
At the 
ground 
nd Sig- 
ar and 
which 
st fre. 
al can 
hemis- 


1g the 
d the 
oh 
priate 
Plica- 
com- 
1 sec- 


Ss de- 
ll be 
time 
riven 
TRY, 
lann 
red 


n of 
lag- 
ted. 
for 
ant 
en- 
wn, 
ent 
uld 
her 
la 


eir 
he 
C- 
1S. 
id 
al 


ie 





ATION 










NovEMBER, 1939 


gven in tabular form. It does not include separation of the 
anions or cations but only the identification of a single sub- 
stance. 

Part II, ‘‘Qualitative Organic Analysis,’ begins with a brief 
discussion on preliminary examinations and group tests. Then 
follow reactions of common organic compounds. Finally, there 
isa tabulated scheme of analysis. No use is made of the melt 
ing points of solid derivatives, but, instead, odors, precipitates, 
color reactions, reducing properties, and so forth, are used in 
the identification tests. 

The most valuable section of the book is Part III, ‘‘Volumetric 
Analysis.” After a preliminary discussion, methods in acidim- 
etry and alkalinity, argentometric titrations, iodimetry and 
potassium permanganate titrations are given along with examples 
of calculations. 

The appendix contains a number of chemical equations and 
several useful tables. 

Thirty-two pages are left blank for notes. 
blank or contain only the title of the section. 

The book would be of little use in a modern American medical 
school which requires in the premedical curriculum, general 
inorganic, elementary organic, elementary physical, and quanti- 
tative analytical chemistry. 
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A TEXTBOOK OF INORGANIC CHEMISTRY FOR COLLEGES. James 
F, Norris and Ralph C. Young, Massachusetts Institute of 
Technology. McGraw-Hill Book Company, Inc., New York 
City, 1938. x + 803 pp. 14 X 20.5cm. $3.75. 

This book is a revision of the well-known text by Professor 
Norris. Large portions have now been rewritten to include the 
newer knowledge of atomic structure, radioactivity, and ioniza- 
tion. These subjects are not discussed extensively, however, and 
the book retains a conservative tone. Although the study of 
atomic structure is introduced very early and is touched upon 
in several subsequent chapters, it is never developed very fully. 
Electronic formulas are used in some places, but in other por- 
tions of the book the older type of structural formula is retained. 
The Brgnsted theory of acids and bases is not mentioned by 
name, but is neatly introduced as a development of the older 
theory. Like the first edition, the book contains a large amount 
of descriptive inorganic material. 

The outstanding feature of the book is the beautiful literary 
style of the authors, who seem almost to be conversing with the 
student. The definitions are models of clarity, and the usual 
catalog-like recitals of the properties and uses of the elements 
have given way to interesting descriptions. Properties which 
do not lend themselves to such treatment are tabulated at the 
beginning of the chapters. Numerous historical notes and al- 
lusions to the methods and value of research give the student an 
excellent view of chemistry as a living, growing science. 

It is unfortunate that the authors have not seen fit to give more 
prominence to the newer industrial processes. The electrolytic 
preparation of sodium carbonate is not discussed, and the Cast- 
ner-Kellner cell for the production of sodium hydroxide is given 
more attention than the newer and more extensively used dia- 
phragm cells. The use of vanadium pentoxide catalysts in the 
contact process is given less than one line, and the preparation of 
hydrogen peroxide by electrolysis is subordinated to the barium 
peroxide method, which it has largely superseded. It seems un- 
fortunate, too, that the mineral silicates are not discussed in the 
light of recent discoveries. 

Each chapter is concluded with a group of exercises and refer- 
ences for further reading. The chapters entitled ‘““The Chemi- 
cal Properties of the Metals’? and ‘‘The Properties of Oxides, 
Hydroxides and Salts’’ are excellently done, and the reviewer 
wishes to give them special commendation, even though he be- 
lieves that the passivity of metals and the failure of nitric acid 





































549 






In these chap- 
ters and in the presentation of chemistry as a living science, 
the authors have made definite contributions to the teaching of 


to attack aluminum are incorrectly explained. 


elementary chemistry. Their book should find a wide accept- 
ance, 
Joun C. Batwar, Jr 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


A. A. Horvath, Agricultural Experi 
The Chemical Publishing 
vi + 


THE SOYBEAN INDUSTRY. 
ment Station, Newark, Delaware. 
Company of New York, Inc., New York City, 1938. 
221 pp. 14 K 22cm. $4.00. 

The soybean industry is growing rapidly and technical work- 
ers, dealers, executives, and the general public are asking for in- 
formation regarding it. Dr. Horvath was selected by the pub- 
lishers to write this book because of his study at Kazan, Vladivo- 
stock, and Peking on the problems of this industry and because of 
the many years of experience in commercial exploitation or ex- 
periment station investigation of possible uses of soybeans and 
their products. The field is well covered, and the latest pub- 
lished data are included. In general only commercial or poten 
tially commercial processes are considered, and these are pre- 
sented so that one who knows the language of chemistry can read 
rapidly. The treatment is not as technical as a laboratory 
worker would require, but it might suggest new uses of soybeans 
even to him. It should be an especially valuable book for those 
who wish general information on the uses of soybeans in indus- 
try. 

F. E. BRowN 


Iowa State COLLEGE 
Amrs, Iowa 


THe Economics or CHEMICAL INpustriIES. E. H. Hempel, 
Ph.D., D.C.S., Research Associate in Industrial Engineering, 
Columbia University. John Wiley and Sons, Inc., New York 
City, 1930. ix +259pp. 15 K 28cm. $3.00. 

The average student majoring in chemistry often elects one or 
more courses in economics, but has little opportunity to apply 
the general principles he has learned to the particular economic 
problems of the chemical industries. The student of chemical 
engineering deals with economics largely in terms of the costs of 
power, unit operations, and raw materials. Dr. Hempel has writ- 
ten a concise and informative book whose purpose is to outline 
“the basic rules and methods”’ of economics so that they may be 
used in the chemical industries. This book leaves largely to other 
courses and texts the questions of costs of plant construction and 
operation, since many who will use the book are without engineer- 
ing training and will depend on engineers to solve technical cost 
problems. 

At the outset “‘chemical industries” are regarded as those so 
classified by the Bureau of the Census. This is a somewhat more 
limited classification than ‘‘process industries,” but much of 
what is said about one is true of the other. The scope and indus- 
trial position of the chemical industries of this country are out- 
lined by adequate statistics. Following a brief history of the 
major periods of chemical industries, the following topics are dis- 
cussed: patents, trade associations, cartels, government relations, 
economic requirements, choice of new products on the basis of 
market analyses, forecasts of future demands, sales, prices, finan- 
cial policies, and foreign trade. 

There are a number of valuable tables, inserts of charts, and 
reproductions of laws and acts. A limited number of references 
and a brief bibliography will enable the reader to supplement his 
knowledge of any particular topic. 

The style is clear, technical terms have been avoided, and no 
extensive previous preparation in economics is required. 

This book should be very valuable in connection with special 
courses in economics for students planning to enter chemical 
industry, and can be read with profit both by those in the chemi- 
cal profession whose work has not permitted them to gain a 
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broad view of chemical economics and by business men who wish 
to understand the special economic characteristics of chemical 
industries, 

W. T. Reap 


Rurowes UNiversiry 
New Braunawick, Naw Jaeusny 


‘RYSTALLINE ENZYMES, 
AND BACTERIOPHAGE, 
versity Press, New York City, 1939, 
15 & 28em, $3.00, 

One accepts the news on the crystallization of an enzyme in 
these days as if it would be an isolation of ‘just another sub 
stance,”” The enzymes discussed in this book, as well as the 
other crystalline enzymes (urease, the yellow enzymes, amylase, 
ficin, papain, catalase, and polyphenoloxidase), are all proteins, 
Proteins are very sensitive to chemical changes, Enzymes are 
much more so, apparently owing to certain active groupings in 
the enzyme-protein molecule, ‘Thanks to well-developed meth 
ods which are now available, however, some enzymes may be 
just as readily crystallized as sodium chloride, 

Concerning the scope of the book, Dr, Northrop states in the 
preface, ‘The present monograph is based on the Jesup Lec- 
tures given at Columbia University in the spring of 1938. 
It contains the results of a series of investigations on the isolation 
and chemistry of bacteriophage and the proteolytic enzymes car 
ried out in the writer's laboratory. Bacteriophage has not been 
crystallized and may not be an enzyme, but the results of the 
experiments with bacteriophage are essentially similar to those 
obtained with the enzymes and are, therefore, included in the 


Tue CHemisrry OF Prersin, TRYPSIN, 
John H. Northrop, Ccoiumbia Uni- 
xii + 176 pp. 48 figs. 


present volume.’ 

As might be expected from the preface and the title, the book 
is mostly limited to the research work of the author and members 
of his laboratory. Dr, Northrop describes in detail the crystalli- 
zation and general properties of the gastric enzyme, pepsin, and 
the precursor of pepsin, pepsinogen; the pancreatic enzymes, 
trypsin and chymo-trypsin; carboxypeptidase; the inactive 
precursors, trypsinogen and chymotrypsinogen; and an inhibitor 
of trypsin. These proteolytic enzymes and bacteriophage are 
highly interesting, They possess distinct (specific) catalytic 
properties, and the contributions of the Princeton laboratory to 
the chemistry of these enzymes are of immense importance, It 
should be noted, however, that there is evidence that the pan- 
creas also contains other proteolytic enzymes than those isolated 
in crystalline form, While it is well known that the pancreatic 
proteases cause a rapid decrease in the viscosity, the formation 
of non-protein nitrogen, and so forth of gelatin, casein, edestin, 
and other protein solutions, there are no quantitative data avail- 
able on the nature of the end-products of proteolysis. The chem- 
istry of milk clotting, as caused by the proteases, is not quite 
understood yet, although some important results have been 
published in recent years. 

The book is clearly written and is very instructive and stimu- 
lating. It will be of great help to those interested in proteins and 
enzymes 

Henry TAUBER 

JoOMNSON SUTURE CORPORATION 

Crrcaco, ILLINOIS 


DiscoveRY OF THE ELEMENTS. Mary Elvira Weeks, Associate 
Professor of Chemistry at the University of Kansas. With 
illustrations collected by F. B. Dains, Professor of Chemistry 
at the University of Kansas. JOURNAL OF CHEMICAL EpuCaA- 
rion, Easton, Pennsylvania, 1939. Fourth edition, enlarged 
and revised. 15.5 X 24ems. v X 470 pages. $3.50. 
rhis new edition of Professor Weeks’ book is larger and more 

attractive than its predecessors. It has a handsomer cover, 

blue cloth stamped in silver with an Egyptian picture of Hermes 

Trismegistos; it contains many new pictures, and about one 

hundred pages of new material. Page for page it is as interesting 

as the earlier editions, but it has more pages and therefore a 

greater total of interest. 

Among the new features are the frontispiece (a picture of a 


chemist in his laboratory, reproduced from the German, 1778, 
edition of Macquer’s DicrioNNAIRE DE CHIMIE) and portraits 
of Boerhaave, Hales, Hope, Werner, del Rio, von Humboldt, 
de Elhuyar, von Born, Hatchett, Scaliger, Watson, Klaus, 
Arfwedson, and McCoy. There is a note from the late Professor 
Bohuslav Brauner on the splitting of didymium, the sections on 
bismuth, phosphorus, zinc, cobalt, platinum, barium, and cad- 
mium have been expanded, and the index is entirely new. Six 
of the chapters are new, namely, VI. Daniel Rutherford and 
His Services to Chemistry, VIII. The Scientific Contributions 
of the de Elhuyar Brothers, X. The Klaproth-Kitaibel Corre- 
spondence on the Discovery of Tellurium, XII. The Chemical 
Contributions of Charles Hatchett, XIII. The Scientific Con- 
tributions of Don Andrés Manuel del Rio, and XVI. J. A, 
Arfwedson and His Services to Chemistry. These chapters 
represent original investigations by Professor Weeks, and con- 
stitute important contributions to the history of chemistry, 
But they were written, we imagine, primarily as reports of re- 
search, They were presented at meetings and were published 
elsewhere, Each has its own unity, coherence, and emphasis. 
‘ach has its own beginning, and middle, and end. And the 
material of each properly belongs in the book. Yet the sub- 
jects of these new chapters are clearly not as important in the 
history of the discovery of the elements as are the subjects of 
the original ones, as that of the chapter on the halogens, for ex- 
ample, or of that on the alkali metals. Del Rio scarcely deserves 
a chapter when Scheele doesn’t get one. On the other hand, the 
account of del Rio is fascinating to read, and it enhances our 
understanding of his times which were also the times of other 
men with whom the narrative of discovery is concerned. The 
student will easily understand that the volume of the evidence 
necessary for the determination of an historical question bears 
no necessary relation to the importance of the question itself— 
and he will benefit by seeing these models of the sort of thing 
that research in the history of chemistry ought to be. 

The book is recommended strongly for its cultural value and 
general interest, as entertainment and as a fixative to promote the 
retention by the student of the facts of elementary chemistry. 

TENNEY L. Davis 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, MASSACHUSETTS 


STANDARD CHEMICAL AND TECHNICAL Dictionary. H. Bennett. 
The Chemical Publishing Co., Inc., New York City, 1939. 
xlii + 637 pp. 15.5 X 23cm. $10.00. 


“The startling and rapid advances in chemistry and the other 
sciences have introduced many technical words and expressions 


into our everyday life Newspapers and_ books 
speak glibly of atoms, cosmic rays, genes, hydrogenation, and the 
‘cracking’ of petroleum. 

“|. Concise definitions rather than encyclopedic treatment 
are given It is hoped that this dictionary will serve a useful 
purpose as a convenient reference manual. 

“|. . All the data for a given compound are given in com- 
pact paragraph form with a complete listing of synonyms and 
cross-references. Each main entry is printed in large bold-face 
type, so that the desired term is easy to locate on the page. 

“This dictionary . gives in convenient form all the ab- 
breviations and contractions found in the fields of mathematics, 
physics, and chemistry. Greek, mathematical, apothecary, and 
miscellaneous symbols are treated in this special appendix. The 
tabulation of the ‘Prefix Names of Organic Radicals’ is particu- 
larly needed for those not familiar with the nomenclature of or- 
ganic chemistry. 

‘For many decades no uniform system has been adhered to in 
the pronunciation of chemical names. The general rules for the 
pronunciation of chemical terms recommended by the Nomen- 
clature, Spelling, and Pronunciation Committee of the American 
Chemical Society and a list of key words with their phonetic spell- 
ing and diacritical marks give this book another feature of unu- 
sual value.” 





From a painting by Henry Fuseli (1742-1825) 
JOSEPH PRIESTLEY (1733-1804) 


This, the largest oil portrait of Dr. Priestley (three feet four 
inches by four feet two inches) was painted for Joseph Johnson, 
bookseller and publisher of Priestley’s works, in the year 1783, 
while Dr. Priestley was Johnson’s guest. An engraving was 
made of the Fuseli portrait by C. Turner, and published—one 
hundred copies ts October, 1836, by Richard Taylor, 


Red Lion Court, Fleet Street, London. 


A copy of this rare en- 
graving was recently presented to the Edgar Fahs Smith 
=. ap Collection by Mrs. Ida M. Priestley of Eng- 
and. 
(Contributed by Eva V. Armstrong, Curator, The Edgar Fahs 
Smith Memorial Collection, University of Pennsylvania) 
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KEEPING UP WITH CHEMISTRY.—With the 
completion of the present volume the JouRNAL aban- 
dons its abstract section. The suggestion that this 
be done has been advanced repeatedly over a period 
of some years, chiefly by readers who did not, them- 
selves, make use of it. The reason most often given 
was that the section constituted to some extent an 
unnecessary duplication of the work of Chemical Ab- 
stracts. For the most part, however, the duplication 
was more apparent than real. The section was pri- 
marily designed to serve a considerable group of readers 
to whom Chemical Abstracts is not readily available. 
Moreover, it was thought that teachers would be inter- 
ested in fairly complete digests of many articles that 
Chemical Abstracts must report by title only, or ignore 
entirely. 

However, the editor has finally become convinced, 
and the Board of Publication concurs in his opinion, 
that, under present conditions, even the relatively 


small amount of space now devoted to the abstract 
section can be more usefully employed. This admission 
is no reflection on the little band of faithful abstractors 
who have so long given freely and generously of their 
time and effort. The shortcoming, if any, is attribut- 
able to the inability of the editorial office to carry on the 
really burdensome amount of library work, editorial 
revision, and correspondence that supervision of an 
ideal abstract section inevitably entails. 

Nevertheless it is not the intention to abandon the 
objectives that the section was designed to attain. 
Experiment will be made with various types of brief, 
informal reviews and digests, usually devoted to limited 
fields of subject-matter, rather than based upon single 
articles. Assignments of this kind will be made by 
subjects, rather than by journals.’ Readers are invited 
to suggest subjects that they believe should be thus 
treated, either once or periodically, and to criticize 
examples as they appear. 
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LAZARUS ERCKER 
BUCH.” 





“While through the Forrest TUBALL (with his Yew 
And ready quiver) did a bore pursue, 

A burning Mountain from his fiery vain, 

An Iron River rowles along the Plain: 

The witty Hunts-man, musing, thither hies, 

And of the wonder deeply ’gan devise. 

And first perceiving that this scalding mettle, 
Becoming cold, in any shape would settle, 

And grow so hard that with his sharpened side, 
The firmest substance it would soon divide; 

He cast a hundred plots, and yer he parts, 

He moulds the ground-work for a hundred Arts.’”* 


~ ++ + + 


N THESE lines, Tubal-cain, roaming a virgin 
I country, is presented as the patron saint of mining 

and metallurgy. Authority is derived from the 
book of Genesis, where we read, ‘‘And Zillah, she also 
bore Tubal-cain, an instructor of every artificier in 
brass and iron.’’ The metals were vital to primitive 
man, and evidence abounds that crude processes in 
mining, assaying, and refining were developed by him. 
Iron, copper, silver, were important, but it was the 
golden calf that he worshiped. Later, practical 
workers in metallurgy were augmented by a group 
who conceived the idea that gold might be procured, 
not by toil in the bowels of the earth, but by the 
pleasant occupation of developing philosophical ideas 
in a quiet laboratory, whereby base metals might be 
transmuted into gold. That they might not be robbed 
of the fruits of their labors, a veil of secrecy and mysti- 
cism was woven over all. Misled by desire, man visioned 
the riches of the world in his grasp. If he could create 
gold, why not prolong life—a god-like, alchemical 
dream which possessed men’s souls in many lands for 
many centuries. If one succeeded in his passionate 
desire of making gold, we have no proof of it. If one 


1 Presented before the Division of History of Chemistry at the 
ninety-seventh meeting of the A. C. S., Baltimore, Md., April 5, 
1939. 

2 Department of Chemistry and Chemical Engineering. 

3“Du Bartas: His Divine Weekes and Workes,”’ translated 
by Josuah Sylvester, London, 1608. In 1578, Du Bartas pub- 
lished his amazing epic of the creation of the world—‘‘La Sep- 
maine.” It met with widespread recognition. Josuah Syl- 
vester (1563-1618) the English translator, was, in his day, the 
most famous English poet after Chaucer. His work antedated 
that of his contemporary, William Shakespeare, by three years, 
and is said to have been a source of inspiration to John Milton. 
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and HIS “PROBIER- 





“FLETA MINOR” 








walks the earth in eternal life, we do not recognize 
him. But from this union of alchemy, begotten of 
man’s wishful, wistful, human desires, alchemy, a 
romantic baggage if ever there was one; and of metal- 
lurgy, the father, with a nature hard, factual, exact, 
with no nonsense about him, chemistry was born; 
chemistry, that strange science, which in quiet labora- 
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tories still seeks to probe the secret of life; chemistry, 
which through its application, has produced more gold 
than the alchemists dreamed of in their philosophy. 
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The legend that metals were first disclosed to man 
through a great fire on a mountain, which caused molten 
metal to burst forth and flow like water, may or may 
not be accepted. As Richard Watson, the learned 
Bishop of Llandaff observed, ‘In vain shall we inquire 
who invented the first plough, baked the first bread, 
shaped the first pot, or hollowed the first canoe.” 

















Murr.es, CrucIBLES AND Borrom P.Lates as ILLUsS- 
TRATED IN THE 1598 Eprrron oF ERCKER 


Authorities are agreed, however, that a knowledge of 
mining and metallurgy grew apace and, long before 
modern times, reached a development where it was ade- 
quate to satisfy not only the necessities of man, but 
also his desire for luxury and beauty. Metallurgical 
secrets were carefully guarded by the ancients; the 
processes and methods developed were known only to 
those engaged in them, and centuries passed before the 
world in general was made acquainted with them. 
The earliest known publication on mining appeared 
anonymously about 1505 under the title ‘‘Ein Nutzlich 
Bergbuchlein.”” In 1540 Vanuccio Birringuccio (ca. 
1495-1550) published his “‘Pirotechnia’’ at Venice. 
This was the first systematic text on mining and 
metallurgy, and described the casting of bells and 
cannon, the manufacture of gunpowder, artificial fire 
and fireworks, and devices for chemical warfare. 


JOURNAL OF CHEMICAL Epucation 


Sixteen years later (1556) Georg Agricola’s ‘De re 
Metallica” appeared. Much has been written of the 
contribution of Agricola, and the splendid translation 
of his work in 1912 by Mr. and Mrs. Herbert C. Hoover 
has focused the attention of modern students upon it. 

In the same century Lazarus Ercker (or Erckern) 
published a book devoted to mining and metallurgy, 
entitled “Beschreibung allerfiirnemisten Mineralischen 
Ertzt und Bergkwerks arten ” Prague, 1574, 
Subsequent editions were published in 1580, 1598, and 
1629. The work was enlarged and under the title of 
“Aula Subterranea’”’ published in 1672, 1684, 1703, 
and 1736. An English translation appeared in 1683; 
it was reprinted in 1686 with a title-page in red and 
black. In 1745 a Dutch translation was published 
at Gravenhage.‘ The editions are in folio and contain 
numerous woodcuts. In view of the fact that the life 
of a technical publication, unlike that of a great piece of 
literature, is measured by the period of its usefulness, 
it is of interest to note that during the sixteenth, seven- 
teenth, and eighteenth centuries eleven editions of 
Ercker’s work appeared. 

Despite this evidence of the importance of Ercker’s 
contribution, little is known of him. One looks in vain 
in the average history of chemistry or bibliography for 
mention of him. The best picture of Ercker is pre- 
sented by Hermann Boerhaave, who wrote, 


“‘Lazarus Ercker was superintendent of the mines in Germany, 
Hungary, Transylvania, Tyrol, etc., to three emperors; whence 
he was furnished with a complete stock of metallic knowledge. 
He is an experienc’d, candid, and honest writer, relates nothing 
but what he had himself seen, without a word of theory or reason- 
ing, and everywhere speaks as if he were sitting before the fur- 
nace, and relating what passed. His way is this: In Hungary 
there is such a mountain; wherein you have such an earth; 
beat, or grind it into powder; and wash it in water, and it will 
be of such a colour, and weight; and will contain so much gold, 
so much silver, so much copper. In such a manner he teaches 
how it is to be burnt or roasted; what rules and signs are to be 
observ'd therein; how the fire is to be rais’d or diminish’d, &c. He 
never fails enumerating every circumstance, and always in the 
most open, artless manner, and a clear easy stile; adding figures 
for farther illustration: his book was wrote in High-Dutch, and 
printed in folio; and so much valued by the curious, that Mr. 
Boyle laments his not understanding that language, merely for 
the sake of reading this author. But it has since been trans- 
lated into Latin, with excellent notes;5 so that this single work 
might almost suffice for the whole art of assaying.” 


The date of Ercker’s birth is unknown; he died in 
1593. The only autobiographical statement made by 
Ercker is that he was “of St. Annen Bergk.”’ Sir John 
Pettus, his English translator, knew little more of 


‘ This translation has not been noted in any of the bibliog- 
raphies consulted. It was probably made from the German edi- 
tion of 1736 which has the initials “J. E. C.”’ on the title-page. 
These initials also appear on the title-page of the Dutch transla- 
tion, a copy of which is in the Library of Congress. 

§ Peter Shaw, in his English translation of Boerhaave’s ‘‘Ele- 
menta Chemiae’” (1741) comments: ‘“‘We have not been so 
happy as to meet with this Latin translation, after a good deal 
of inquiry.’’ Glauber in his ‘Description of New Philosophical 
Furnaces”’ (1651) refers his readers “especially to the writings of 
that most famous Lazarus Ercker...De Probatione Mineralium.” 
Search by the authors of this paper has failed to reveal a Latin 
edition. 
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him, but intimates that Ercker’s name, like that of 
Georg Agricola, was assumed, and indulges in the 
following flight of fancy, 






“His name Lazarus, is in imitation of the old Romans, Ger- 
mans and Belgicks, who assumed names suiting to their Temper, 
or some Observable Actions. The word Lazarus signifies... one 
that was beloved of our Saviour, also one that was raised from 
the Earth.... His other name is Erckern. . . Now Erk in Teu- 
tonic is Oar, and Kern in Teutonic is . . . grain, so that to kern 
is to granulate (which is to reduce Metals into certain propor- 
tions of the purest part which they call grains)... Now joyning 
all together, I may represent him as an humble minded indus- 
trious man, that knows how to judge of all Oars, and how to 
manage the Products of them, for the Glory of God, & the good of 
mankind.” 


Pettus adds, ‘‘He stands for are nown’d Assay-Master, 
a Good Chimist, and one that understood, but was not 
a Sophisticating Alchemist.’’ 

Lazarus Ercker served under Rudolph II, Emperor 
of Bohemia, who was distinguished for his encourage- 
ment of the arts and sciences. The astronomers Tycho 
Brahe and Johannes Kepler found haven in his Court, 
and John Dee and Edward Kelley made strange ad- 
venture there. Ercker’s work was pleasing to the 
Emperor, who frequently visited the Bohemian mines 
and interested himself in equipment designed by 
Ercker, who is described by Graf von Sternberg as the 
best informed and most careful observer of all mining 
engineers of his day. 

The process of extracting precious metals by amalga- 
mation was known in South America more than two 
hundred years before its general introduction into Cen- 
tral Europe. The secret was jealously guarded by the 
Spaniards, but one of that race, Don Juan de Corduba, 
who had possessed himself of at least a part of it, 
offered in 1588 to demonstrate the method at the Court 
of Vienna. He was ordered to conduct the experiment 
at Kutzenberg, Bohemia, where Ercker was in charge 
as Upper Bar-Master. The experiment failed, although 
a small amount of silver was obtained, and de Corduba 
complained to the Court that Ercker failed to codperate 
with him. In reply the Bar-Master advised “that their 
Lordships should not suffer any more expence to be 
thrown away on this experiment.”’ Baron Inigo Born, 
who successfully introduced the process of amalgama- 
tion into Europe about 1784, published an account of 
the method entitled ‘‘Ueber das Anquicken der Gold 
und Silberhalt igen Erze,’’ Vienna, 1786.6 Born 
charged Ercker with ‘‘pedantic pride” in his treatment 
of de Corduba, and added that if he had condescended 
to assist the Spaniard, who probably knew nothing 
more than the mechanical operations used in Peru, 
the Austrians might have been in possession of the 
process of amlgamation, with all its advantages, a 
couple of centuries before its actual adoption. 

Sir John Pettus (1613-1690), the translator of 

6 Born’s work was translated into English in 1791 by Rudolf 
Eric Raspe, under the title ‘‘Baron Inigo Born’s New Process of 
Amalgamation.” The translator is better known as the author 
of the tales of ‘‘Baron Munchausen.” The character of some of 


Raspe’s adventures led Sir Walter Scott to cast him for the villain 
in ‘‘The Antiquary.” 
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Ercker’s work, had a colorful career. He entered the 
service of Charles I in 1639 and was knighted in 1641. 
He fought in the royal cause, and sold his estates to 
contribute to an effort to save the life of the king. 
After the execution of Charles I, Sir John supported 
the varying fortunes of Charles II, supplying him with 
money from time to time. In a loyalist uprising at 
Lovestoft, he was taken prisoner by Oliver Cromwell, 



























Assay LABORATORY, SHOWING DEvic« USED TO PROTECT 
THE EYES WHILE LOOKING AT THE FIRE (ERCKER, 1598) 


and confined to Windsor Castle for more than a year. 
In 1655 he professed loyalty to Cromwell and was ap- 
pointed Deputy Governor of the Royal Mines of Eng- 
land and Wales, a position he continued to hold after the 
restoration of Charles II to the throne. 

Sir John married the daughter of the Lord Mayor of 
London, Sir Richard Gurney, but his domestic life 
proved stormy. His wife deserted him to enter a con- 
vent, and in 1672 had him excommunicated from the 
church. Sir John defended himself by publishing “A 
Narrative of the Excommunication of Sir John Pettus, 
issued against him by his Lady . . . with his answers to 
several aspersions against him by her.”’ 
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Originally a man of wealth, he lost a fortune in the 
royal cause, and in 1683 we find him in the Fleet Prison 
in London. 

“‘Why stood he there, himself could scarcely tell; 
But there he had not stood, had Things gone well.’ 


Soldier, courtier, Fellow of the Royal Society, Cup 
Bearer to the King, member of Parliament, author, and 
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BALANCE CASE RECOMMENDED BY ERCKER 


Deputy Governor of the Royal Mines, he was now ‘‘re- 
duced to nothing’’—a prisoner for debt. 

A glance at the surroundings in which Sir John found 
himself may be in order. We are informed that one of 
the compensations offered at Fleet Prison was 


“‘a commodious new Coffee House, and thought to be as Compleat 
a one, as any in Town (wherein one of the Warden’s servants is 
put, to be useful upon occasion). Part of the Pews in the Chapel 
being taken into it .. . and serves as a Bar.”’ 


“There, at Backgammon, two sit fete a tete, 
And curse alternately their Adverse fate. 
These are at Cribbage, those at Whist engag’d, 
And, as they lose, by turns become enrag’d: 
Some of more sedentary Temper, read 
Chance-medley books, which duller dullness breeds; 


Some of low Taste, ring Hand Bells, direful Noise! 
And interrupt their Fellows’ harmless joys; 


Without Distinction, intermix’d is seen, 

A ’Squire quite dirty, a Mechanick clean: 

The Spendthrift Heir, who in his Chariot rol’d, 
All his Possessions gone, Reversions sold. 


Tho’ sorely griev’d, few are so void of Grace, 
As not to wear a seeming chearful Face... ’”’ 


Such conditions would have daunted most men, but 
Sir John Pettus, at the age of seventy, philosophically 
busied himself with the completion of his translation of 
Ercker. Pettus indicates that he had made a prelimi- 
nary translation from the 1629 edition of Ercker’s 
work, 


7 “The Humours of the Fleet. Written by a Gentleman of the 


College,”” London, 1749. 
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“His (Ercker’s) five Books were printed and published at 
Antwerp Anno. 1629, from which many of the younger Chimists 
of this Age have derived their skill, by Copies surreptiously 
gain’d from my first Translation, about 14 years since, which 
occasions my printing of it now, being made more perfect.” 


Presumably the “copies” referred to were in manu- 
script, because the author says that some “eminent 
persons” persuaded him not to publish it ‘‘lest the 
Common sort of people should make ill use of it.” 
Now he determined to print it, adding: 


‘What hath made Arts and Sciences flourish more in the time 
of King Charles I, and now in His Majesties Reign, than their 
Majesties encouragements to the free communication of such 
Things as had many Ages before lain secret.”’ 


The translation by Pettus bore the punning title 
“Fleta Minor’’ in explanation of which he wrote, 


“T have given it the Title Fleta, which is borrowed from an 
eminent Lawyer, who whilst he was Prisoner in the Fleet, writ 
his Learned Book of the Common Laws of England, and .. , 
call’d his Bock Fleta . . . to which I add Minor, in submission to 
his great Learning, and for its affinity to the word Miner...” 


Sir John, dedicated the book to His Majesty Charles 
II, to whom the Royal Society was indebted for its 
charter. In the dedicatory epistle Sir John alludes to 
His Majesty’s interest in chemistry. 


“Herein I humbly offer my Endeavours . . . onely to refresh 
Your Majesties Memory, not to inform your Knowledg: for... 
Your Majesty is (in the Science of Chimistry, as in all Sciences of 
Humanity) Nulli Secundus. These Perfections are evident in 
Your Majesties publick and private Elaboratories, from which 
pure Justice, and pleasing Arts and Sciences are communicated 
to Your Subjects. In these I have observed Your Majesties 
particular respects to Chimistry . . . and I resolved to transplant 
this German Twig of L. Erckern (on that Subject) into Your 
Majesties Nursery . . . having upon some significant occasions) 
had the Honour to be known to Your Majesty near Forty Years.” 


Sir John Pettus, whose courage, philosophy, and 
charm had survived service under two kings of Britain 
and the Protectorate of Oliver Cromwell, had no diffi- 
culty in winning the friendship of the Warden of Fleet 
Prison, Richard Manlove. His next step was to per- 
suade the Warden to lend him money with which to 
publish the book. This he accomplished and made 
public acknowledgment of the debt, 


“Those that think themselves Prisoners to you are much 
mistaken, for they are Prisoners to the Laws, and may make 
themselves students of All-Souls in Le Fleet... Had it not been 
for your Incouragement and particular Assistance with your 
Purse (though with some inconvenience to your own Occasions) 
I could not have finished this Book... But I must end with this 
request, That as you have given House Room here to the whole 
Impression of my Books, so you will please (in respect my person 
is restrain’d in Execution of the Laws) to encourage it in its 
Travels abroad: and so not doubting your Favour, I shall con- 
clude with Ovid 

Aulam 


Parve nec invideo sine me Liber ibis in { 
Urbam 


which I have thus Englisht, 
Go little Book, leave me, but make report, 
Who treats thee best, the City or the Court.” 


Under such circumstances the first edition of ‘‘Fleta 
Minor. The Laws of Art and Nature in Knowing, 
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Judging, Assaying, Fining, Refining, and Inlarging” 
appeared in 1683 in a limited edition. It was reviewed 
in the Philosophical Transactions of the Royal Society 
in the same year. Favorable reception of the transla- 
tion is indicated by the fact that it was reprinted in 
1686. Sir John endeavored to improve the woodcuts 
in Ercker’s work by changing the costumes and hair 
dress of the laboratory workers from the period of the 
sixteenth to the seventeenth century. Engravings 
were used instead of woodcuts, but otherwise the prints 
are identical. 

The first and major portion of ‘‘Fleta Minor’’ pur- 
ports to be a faithful translation of the work of Lazarus 
Ercker. The second section entitled “Essays on Metal- 
lick Words” is an original work by Pettus. The origi- 
nal publication by Ercker is not divided into numerical 
chapters and sections, contains no table of contents, 
and is very poorly punctuated. These shortcomings 
have all been supplied in the translation. Of the effort 
to achieve this, Sir John wrote, 


“T have comply’d them to our way of Orthography, (which was 
no little trouble) and therefore if the Reader find some few 
Omissions, they may on that account be the more kindly dis- 
pens’t with.” 


He says that Lazarus Ercker 


“Our author (though it may well be supposed, that he knew 
much more than he writ) goes not farther in his Books, that what 
is safe and fit to be known and publish’t; 7.e., only concerning 
Fining and Refining of Metals, neither stooping too low to the 
meaner gradations, nor ascending to the Metaphysical Specula- 
tions, but leaves those Subjects to other Writers.” 


“Ego centered modern man, so powerful in shaping 
the things of the earth to his own ends, needs to be re- 
minded occasionally of his rdle in space and time,” 
according to a quotation, purloined from a recent num- 
ber of Science News Letter. The man who professes a 
knowledge of modern non-ferrous metallurgy or of as- 
saying will be so reminded by a reading of ‘‘Fleta 
Minor.” 

Over three centuries have passed since the original 
publication by Ercker. His knowledge of the ores of 
silver, gold, copper, tin, antimony, mercury, and iron 
is disclosed in language entirely free from speculation 
and governed by precepts which would do credit to 
any modern scientist. In his descriptions of the 
processes of assaying he outlines methods employing 
principles still in use today. Refinements have oc- 
curred, it is true, but one cannot fail to contrast un- 
favorably the progress made in three hundred years 
with the keen perception and fundamental reasoning 
that were essential to the development of the original 
processes. 

Ercker’s work is divided into five books; the first, 
relating to silver, is the most extensive and includes 
many descriptions of apparatus and processes used 
generally in assaying. The known silver ores of the 
time are carefully classified on the basis of their prob- 
able worth in silver and content of other metals, no- 
tably copper and gold. The design, construction, and 
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relative merits of the various forms of assay furnaces 
are next discussed in elaborate detail with abundant 
illustrations. The fabrication of muffles, crucibles, 
cupels, bottom plates, and supplementary equipment 
is carefully described, and the various materials used 
in making them are approved or criticized as the 
author’s experience dictates. For example, calves’ 
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TITLE-PAGE OF THE First EDITION OF THE TRANSLA- 
TION OF ERCKER’S WoRK BY SIR JOHN PETTUS 


head bones or the scales from their foreheads, after 
calcining and pulverizing, are recommended for making 
cupels after moistening with strong beer. After de- 
scribing the preparation of lead glass to be used as a 
flux, he carefully explains the relation of the various 
assay weights and their relation to the standard Centner 
weight. 

It is surprising to discover marked similarity to 
modern equipment in the illustrations used by Ercker. 
Any modern assayer would feel at home among the 
fire clay products or in the laboratories depicted. The 
balance case shown would certainly not appear out of 
place in a modern laboratory. 

The actual assaying of silver ores is described as sub- 
stantially following modern practice in reducing the 
silver content to a silver lead alloy, followed by subse- 
quent cupellation, the silver button remaining on the 
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cupel. The necessary modifications of the process for 
the silver assay of alloys, oxidized silver, coins, and 
plate follow next in order. The first book concludes 
with an illustrated description of the construction and 
use of the balance and full instructions for the making 
of “proof weights’ and their sub-divisions. 

The second book treats of gold ores. After describ- 
ing the recognized types of ore, various methods of 
concentration, separation with and without amalga- 
mation, the preparation and use of touch needles, the 
use of touchstones and their limitations, the latter part 
of the book is devoted to the determination of the de- 
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Worps BY Sir JOHN PETTUS 


gree of purity of gold and to means of effecting its 
purification. The use of Aqua Fortis as a test for the 
purity of gold is recommended as a thoroughly depend- 
able method. One chapter is devoted to a descrip- 
tion of the method for determining the gold content of 
silver-gold alloys by their difference in specific gravity. 
An alternative method consisted of drawing a wire of 
pure gold and one of silver to be tested through the 
same hole and then weighing the wires. Elaborate 
instructions are provided for the preparation of Aqua 
Fortis and its purification by distillation. In the de- 
scription of the operation of cementation the author 
discloses a clear understanding of the process when he 
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points out that the materials essential for success must 
act upon silver and copper ‘‘by reason of the Salts it 
contains, yet not touch the Gold.’’ It is pointed out 
that casting gold through antimony has been regarded 
as the best, if not the only way of preparing gold of 
highest quality. The author reasons that since Aqua 
Regis dissolves gold only, without dissolving silver, 
the purest gold may be prepared in that way. His 
attitude on alchemy is indicated in the following 
statement. 


“As for the Cement of which the Philosophers and Alchimists 
do write, by which one may change Copper into Silver, and Silver 
into Gold, those I leave to their worth... For in my Books I 
write nothing else, but what is natural and approved, upon which 
one may trust, and not labour upon a vain hope.” 


Book three is prefaced by a description of copper ores 
and their relative value. A chapter is devoted to a 
good description of crucible manufacture, followed in 
order by minute directions for the assay of each variety 
of copper ore. The process of separating silver from 
copper by means of lead was kept as a secret by refiners 
for many years. Ercker discloses the secret fully, in- 
dicating his complete comprehension of the principles 
of the method in the statement, ‘‘One must be in- 
structed how much the Copper holds in Silver by a 
diligent Proof, for according to it, the Copper must 
be mingled with lead.” The concluding chapter de- 
scribes the production of brass by placing a mixture 
of Lapis Calaminaris and coal in the bottom of hot 
crucibles, then adding copper and heating the mixture 
to fusion in a covered furnace. 

The recognition and assaying of ores of lead, tin, 
bismuth, antimony, mercury, and iron are all de- 
scribed in book four. Steel-stone and iron-stone are 
regarded as distinct ores, both being evaluated by not- 
ing the amount of powdered ore attracted by a magnet. 
In some instances, he points out, it is necessary to roast 
the ore before subjecting it to this test. 

“Earth out of old long lain Sheep-stalls,” ‘‘Calx or 
Clay of very old walls, in a Town or City,” “the Earth 
of unplastered Hors-Stables or old sheep-houses”’ 
are all recommended as ‘‘of what Earth Salt-Petre is 
best to be made.” Nearly all chapters of the fifth 
book relate to methods of purifying saltpetre. The 
complete directions for preparing the ‘‘lee,’”’ concentrat- 
ing by boiling and purifying by skimming, indicate the 
author’s complete knowledge of the necessary care to 
be exercised to prepare saltpetre of sufficient purity 
for use in assay work or to be used as a component of 
gunpowder. The testing of alum ore for alum and of 
flints for vitriol are the subjects of the last chapters of 
Lazarus Ercker’s book. 

From this end of a cycle of three hundred fifty years 
it is difficult to appreciate the value of Ercker’s work 
to his contemporaries and their immediate successors. 
A search of the literature of the seventeenth and 
eighteenth centuries gives abundant evidence of the 
important and widespread influence exerted by him, 
particularly upon the development of mining and assay- 
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Tus PLATE APPEARS IN THE Books OF BoTtH AUTHORS. 


ing in England. Germany was the great school of 
metallurgy for the rest of Europe, and it was due to the 
wise foresight of Queen Elizabeth that German workers 
were invited to England to instruct her subjects in this 
art. Richard Watson, Bishop of Llandaff, writing 
more than two hundred years later, says, ‘“We in 
this country owe the present flourishing condition of 
our mines . . . to the wise policy of Elizabeth.” He 
adds that the work of Ercker ‘“‘is still highly esteemed.” 

In one of the most remarkable books on chemistry 
published in the seventeenth century—‘‘A Description 
of New Philosophical Furnaces’ (1651) Johann Ru- 
dolph Glauber refers to the “‘wayes that most witty 
Lazarus Ercker, hath clearly, and distinctly described, 
whose description is not to be found fault with,” and 
adds, 


“Tt is not needful to write many things upon the manner of 
trying minerals, because diveres authors, as Georgius Agricola, 
Lazarus Ercker. .. have sufficiently wrote thereof, to whose writ- 
ings I refer you, especially to that most famous Lazarus Ercker 
which is so much commended...” 


Edward Brown in “‘A Brief Account of Some Travels 
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Note THE CHANGE IN COSTUME OF THE LABORATORY WORKERS 


in Different Parts of Europe’’ (1685) upon visiting the 


mines of Hungary, wrote, 

“Lazarus Ercker hath handsomely described the principal 
Ores and mineral bodies... There are few places in the world to 
be compared with this, where art and nature strive to show their 
utmost force and riches. They work in this Country much after 
the manner they did in the Emperour Rudolphus, his time...” 


Peter Shaw, English physician and chemist, with 
Francis Hauksbee in ‘‘An Essay for Introducing a 
Portable Laboratory’ (1731) recommended their read- 
ers to consult Ercker in planning a “‘course of metal- 
lurgical chemistry.’”’ These authors refer to him for a 
“general method of analyzing solid minerals,” “the 
ways of combining vegetable salts with mineral sul- 
phurs,” “the art of combining metal with metal, in 
the way of electrum,”’ ‘‘the methods in use for extract- 
ing gold and silver from the baser metals,” ‘“‘the art 
of assaying plate, coin and ores,” “the ways of convert- 
ing metals into glass, particularly lead and antimony,”’ 
and many other processes. Peter Shaw, in an appendix 
to his English translation of Boerhaave’s “Elementa 
Chemiae”’ repeats these references to Ercker. 
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One hundred fifty years after the appearance of 
Ercker’s work, John Andrew Cramer, who is credited 
with being the first to raise the art of metallurgy to a 
science, in his ‘‘Elements of the Art of Assaying Metals”’ 
(1741) referred to Ercker as ‘“‘most skilful in the 
knowledge and trial of minerals.’’ In discussing the 
separation of silver and copper by fusion with lead, 
Cramer wrote, 


“But whoever is desirous to know the several and peculiar 
Furnaces, Machines and Ways of Proceeding, for this Purpose, 
let him pursue the writings of Ercker.’”’ 


John Webster in ‘“‘A History of Metals’ (1671) places 
Ercker’s name among the authors whom he chiefly 
recommends. Nicolas Lenglet Dufresnoy in his 
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TITLE-PAGE OF THE THIRD EDITION OF ERCKER’S WORK 


famous “Histoire de la Philosophie Hermetique” 
(1742) refers to the 1629 edition of Ercker’s work as 
“surpassing that of George Agricola.” In Francis 
Barrett’s “Lives of the Alchymistical Philosophers”’ 
(1815) Ercker’s book is pronounced excellent. C. A. 
Schliitter in 1750 refers to Ercker as a highly esteemed 
author, and Torbern Bergmann in his ‘Essay on the 
History of Chemistry during the Middle Ages” (1791) 
names him as one who contributed materially to the 
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progress of metallurgy. In J. R. Spielmann’s “‘Instj- 
tuts de Chymie’”’ Ercker is commended and space is 
given to a description of various editions of his work. 

As late as 1880, John Percy in his “Metallurgy,” 
discussing the separation of silver from gold by cementa- 
tion with nitrate of potash, remarks, 

“The mention by Ercker of the use of verdigris in conjunction 
with common salt and saltpetre in the cementing mixtures 
deserves particular notice, because in Deacon’s newly invented 
process, chlorine is obtained by passing a mixture of hydrochloric 
acid vapor and atmospheric air through pounded brick impreg- 
nated with sulphate of copper...Hydrochloric acid would be 
evolved from the cementing mixtures containing verdigris, and 
convert it either partially or wholly into chloride of copper, which 
Deacon, doubtless, had tried. Thus chlorine was probably pro- 
duced more than three centuries ago in the same manner as in 
Deacon’s process, and if so, it is conceivable that the reading of 
this account in Ercker’s treatise might have suggested experi- 
ments to ascertain why verdigris was employed, and to have 
led to the discovery of the generation of chloride on the principle 
of that process.” 

The quality of the translation by Pettus has been 
criticized. It remains, however, the only English 
translation of Ercker’s work, and there is no doubt that 
it served its purpose in acquainting the British with 
the superior methods, processes, and apparatus used in 
mining and metallurgy by the Germans, at a period 
when such knowledge was vitally important. Sir 
John Pettus states that he also translated Agricola’s 
“De re Metallica’ and planned to publish it ‘within 
the year.” It never appeared and no trace of the 
manuscript has been found. 

The second section of ‘‘Fleta Minor’’ is entirely the 
work of Sir John Pettus. It bears the title, ‘‘Fleta 
Minor, Spagyrick Laws, The Second Part. Con- 
taining Essays on Metallick Words: Alphabetically 
composed, as a Dictionary to Lazarus Erckern,” 
London, 1683. 

Each word selected for definition is followed by the 
Teutonic and Latin equivalents and very often by a 
sentence or more of speculation concerning the deriva- 
tion of the English equivalent. In addition to giving 
clear definitions of the words and illustrations of their 
use, many receipts are included for preparations sug- 
gested by the name under discussion. Many references 
are made to geological formations throughout Britain. 
The Dictionary might be consulted to advantage in 
reading contemporary scientific literature. A good 
example of an unusual definition is illustrated by the 
word ‘“‘ratter’’ for which the author is unable to find a 
Latin equivalent, 

“Ratter...T. Raeder; I find no Latin word of kin to the sense 
of what Erckern intends by it, viz., a riddle, screen or sieve, that 
is an Instrument to separate the clean from the unclean Oars, 
before they come to the fire, and so may be called Magnum 
Cribrum, or a great sieve; yet it may come from Rotatilis, that 
is, moving swiftly like a Wheel, or Rota, shewing the proportion 
of Metals, or of anything else; Riddle, which in the T. is Ratzall; 
that is, that the Question being what part of the Oar is clean, 
and what unclean, this instrument doth unriddle it by separation: 
and for the word screen, it is doubtless from secernere, to divide, 
and sieve from segregare or severe, to know truly the quality of 
the things by separation. ..but by Ratter is to be understood the 
great sieve.” 
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The work is distinguished as the first dictionary of 
metallurgical terms to be printed in English. It is 
rather delightful reading because the author fails to 
stick to the text, and indulges in various personal di- 
gressions. A vivid picture of mining conditions as they 
existed in the seventeenth century is given under the 
definition of ‘“‘mines.’”’ Pettus wrote, 


‘‘When I was a small Student of Pembrook Hall in Cambridge, 
my good Mother (then a Widdow) consulted with Sir Tho. 
Bendish. .. how I might spend the Summer Vacation to Improve 
myself...’’ 


The result was that Sir Thomas ‘‘a Practical Master of 
most Sciences, and afterward Ambassador to Turkey” 
took young John under his wing, and for two months 
every summer, for three years, conducted him on 
tours “‘to see the Chief Varities which England affords.” 
One of their adventures is described by Sir John as 
follows. 


‘‘We spy’d several Wells near the Roads over the Dovegang 
(which abound with the poorer sort of Lead Mines), so we rode 
up to know the uses of them, and we were answered, That they 
were not called Wells but Shafts. ..and whilst we were speaking, 
a Basket of Lead-Oar was drawn up...I ask’t whether I might be 
safely let down in the Basket to see their Works? they answered 
me I might, and so with Sir Thomas’ consent (who in respect to 
his Corpulency thought not fit to lead the way) I was let down... 
So soon as I was down the Labourer that waited for the Basket, 
was quickly informed of my intents, who presently, at my re- 
quest (promising Reward) fetch’t two Candles lighted... By 
the time we had gone half way, I told my Conductor that I could 
not keep my Candle light, and at the same instant both Candles 
went out. Sir, said he, I pray stay here, and I will go fetch more 
Candles, for it is nothing but a damp; at which words my Spirits 
were much discomposed, yet I had so much left as to crawl back 
to the Shaft, and suck’t in as much Air as relieved me. My 
Conductor soon returned with more Attendants to light me, 
but I was very unwilling to return again, but gave them liberally 
something to drink, which the more obliged them to perswade 
me to see their Works, assuring me, That those damps were not 
killing, but they had taken care (by keeping open the passage 
of their Waters) that no such Accidents should happen while I 
was there, and that they had good Aqua Vita, Rosa Solis, and 
good Ale to cheer me; with that, I went to the Mines, where their 
constant Lamps and Candles, which they lighted for my sake, 
did make the glitterings of the Oar very pleasant to me, by which 
I also saw their method of Digging, and was well treated by their 
promised Drinks, besides good Beef and Bread, so as their liberal- 
ity encreased mine, and then I was attended to the Shaft, and so 
drawn up as I went down, and in my gentle passage, I thought of 
Virgil’s Distict, 


Dic quibus in Terris, & eris mihi magnus A pollo, 
Tres Patiat Caeli spatium non amplius ulnas. 


But I was not edified by it, and so I came safe up, and gave a 
pleasing account to Sr. T. Bendish...” 


In the Dictionary, Sir John is revealed as an ex- 
perimenter and an inventor. After defining the word 
“limbeck”’ as a “‘kind of an Oven or Furnace made of 
Metal, vulgarly called a Still,” he adds that he has 
designed a still, and generously proposes to ‘divulge 
the Invention, without Patents, or any expected Re- 
ward, but thanks.” He says of this still ‘whereof I 
have often made Tryals” that it will function “‘with 
much less fire, and less trouble, because the fire need 
not be tended but once in 10 or 12 hours,” and claims 





that the ‘‘waters which I have Distilled in it, are every 
way as effectual, and the manner and way of Distilling 
doth every day improve in my experiments.” 


“long considered the vast quantity of Gun-pouder that 
is spent in Salutes’ and had discovered a cheap in- 
gredient, three parts of which mixed with one part of 
gunpowder ‘‘did make a greater Report’’ than a whole 
pound of gunpowder. He admits that this compound 
“is more for noise than execution.”’ He experimented 
also with a “pouder of preservation, such as without 


Salt shall keep Meat in its Blood and Gravy, untainted 
and unputrified for more than a year.” 


than was held by many of his contemporaries and 
claimed that 


Arts and Trades, even from the Coblers Awl to the Astronomers 
Astrolobe, for nothing can be performed without some Metallick 
Instrument.” 






Discussing other experiments he relates that he had 
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ENGRAVED TITLE BY P. RILIAN OF THE First EDITION 

OF THE REVISED VERSION OF ERCKER’S WoRK, WHICH 

WAS PUBLISHED IN 1672, ALTHOUGH THE ENGRAVED TITLE 
BEARS THE Date 1673 







Sir John entertained a broader view of chemistry 







“Chimistry doth comprehend all Sciences and Mechanick- 
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In the text on ‘“‘gold”’ Sir John philosophizes, 


“We may well think the Antients did make this Metal their 
God; and that we may not altogether blame them, we may well 
bring in the Spanish and Italians, who call this Metal ORO, 
signifying to pray, as if it were a Metal, to which their Fore- 
Fathers did pay their Devotions and Prayers: and all of us seem 
at this day to be guilty of the Metallick Idolatry...” 


“Christal’’ he defines as the “purest earth, dissolved 
by Water, and for want of Water, congeal’d to the 
Christal-Stone,” and states that “artificial christals 
are made by Chimistry, and is a peculiar part of the 
Science.”’ He adds, 


“Tis found about the Alps, and in many parts of Germany, 
Hungary, France...And Captain Ant. Langston, my good 
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Friend, who had travelled about 300 Miles into the Continent of 
Virginia, did assure me, that he saw there several Mountains of 
clear and shining Christal; he died about a year since, and was 
a very Credible person whilst he lived.” 


At the close of the book, the philosopher got the 
better of the orthographer, and after briefly defining 
the word “‘zuitter” as ‘tin well beaten,” Sir John 
concludes his Essays as follows. 


‘Metals must be beaten (that the Advantages may redound 
to themselves in a more refined Temper, and make them useful 
to the World)...Corn must be thrash’d and ground for food: 
Grapes and other fruits contused to make Liquors more accept- 
able, and man himself must undergo Oppressions to make him 
happy...according to the Maxim of the Rosy Crucians (and 
best Chimists)...By true Piety the bravest Sciences are ac- 
complished.” 
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OBJECTIVES of the FIRST COURSE 
in ORGANIC CHEMISTRY 


R. Q. BREWSTER 


University of Kansas, Lawrence, Kansas 


S TEACHERS of organic chemistry we are 
likely to consider ourselves as chemists, rather 
than educators, with but one objective, viz., 

the thorough presentation of a selected subject matter 


1 Presented before the Division of Chemical Education at the 
ninety-fifth meeting of the A. C. S., Dallas, Texas, April 19, 1938. 


with the insistence that the students learn as much of it 
as possible. The statement that education is some- 
times mistaken for recreation seldom applies to us. 
Whatever our objective, almost never do we sacrifice 
the content of our course for its attainment. We hold 
that the mastery of the subject is in itself the primary 
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aim. However, lest we forget our pedagogy entirely, 
let us try to divide this larger task into smaller parts 
which may be attained individually. In addition we 
should determine the object for which the students have 
enrolled in our courses. In most colleges and univer- 
sities only a few of these students plan to be chemists. 
The vast majority of them are studying organic chem- 
istry because of its relation to medicine, pharmacy, 
dietetics, bacteriology, and the like. In the larger in- 
stitutions students are divided according to their own 
vocational plans though it is the belief of the author 
that such division is more for the proper selection of the 
subject matter to be studied by each group rather than 
for the attainment of an entirely different set of objec- 
tives. It is quite true that the student of biology is less 
interested in methods of synthesis and theories of 
molecular rearrangement than he who expects to be a 
chemist; yet the biologist should know some of the 
syntheses and the most outstanding part of the theories. 
For such students intensity of training along these 
lines may well be replaced in part by a broader view of 
the subject matter through the inclusion of topics of 
more direct connection with his future field of work. 
Hence with some modifications in the ‘intensity fac- 
tor’ the objectives discussed below may apply to all 
students regardless of their ultimate aims. 


1. STRUCTURAL FORMULAS, NOMENCLATURE, AND 
ISOMERISM 


Since the subject assigned has to do with the first 
course in organic chemistry, it is assumed that other 
courses may follow in which the more elaborate parts 
of the subject can be considered, and we would there- 
fore state as the first objective of this study the mastery 
of structural formulas, nomenclature, and isomerism. 
Structural formulas are essential to the understanding 
of organic chemistry and students must learn to write 
them accurately and rapidly. The names of simple 
compounds should be readily translated into the struc- 
tural formulas and vice versa. The Geneva system of 
nomenclature as well as the common names of com- 
pounds must be studied, and in the author’s experience 
the former is the more rapidly acquired. Students 
should see also that in each family of compounds the 
first member of the family may be considered as the 
parent of the following members. For example, paraf- 
fins may be named as derivatives of methane, olefines 
of ethylene, and alcohols of methanol (carbinols). 

Isomerism is an interesting phase of chemistry 
which is here met for the first time, and much fascina- 
tion is attached to writing the structural formulas for 
all possible isomers of a certain empirical formula. 
Particularly is this true if beginning students may 
have access to Richter and Beilstein in order to deter- 
mine how many of these isomers are actually known. 
The time devoted to the mastery of these fundamental 
ideas of formulas, nomenclature, and isomerism at the 
beginning of the course is well spent, as this knowledge 
is of great benefit in the study of each successive group 
of compounds. 
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2. CLASSIFICATION 


Our second objective should be to teach students 
that carbon compounds may be classified into a com- 
paratively few families each of which has its own type 
formula and characteristic chemical behavior. No 
branch of science excels organic chemistry in the beauty 
of its organization. The typical properties of the more 
common members of each family must be learned and 
the essential characteristics of other members of any 
homologous series may then be deduced by analogy.” 
Such a study of the chemical nature of one group of 
substances after another may easily become very irk- 
some and the beauty of the subject buried under an 
avalanche of chemical reactions. However, while the 
student is mastering these all-important reactions, 
the instructor can well set himself to the task of avoid- 
ing monotony and enriching the subject with many 
illustrations of the use of these processes in the indus- 
trial and scientific life of our time. Early in the course 
advantage may be taken of the study of the olefines to 
show their relation to such substances as the polyene 
pigments; a point which never fails to gain an apprecia- 
tive response from students. Thus while the more 
prosaic list of chemical equations is being learned, the 
subject increasingly assumes interest and importance 
and many complex compounds lose their intricacies by 
virtue of their being cataloged in the student’s mind as 
substances of multiple function, belonging to more 
than one family and showing the properties of each. 


3. FUNDAMENTAL THEORIES 


The facts of chemistry should not be detached from 
its theories, and in the first course in organic chemistry 
there is ample opportunity to build upon the theories 
studied in preceding semesters as well as to introduce 
new concepts. Along with the accumulation of the 
large amount of information which the study of the 
subject has to offer, the student should acquire a good 
training in theory. Ideas as to the mechanism of a 
process are often quite as important a matter for con- 
sideration as the process itself, and such ideas should 
be introduced whenever they may be used to explain 
the facts. Why, for example, does the aldol condensa- 
tion take place at the carbon atom adjacent to the CO 
group? The theory of tautomerism provides an ex- 
planation for this as well as certain other properties of 
aldehydes and ketones. Of course there is a limit to the 
amount which can be accomplished in one semester, 
and the theoretical ideas as well as the factual content 
of the course must be a matter of selection. Our inten- 
tion here should be to lay the foundation for later study. 
Optical activity, geometrical isomerism, tautomerism 
of the nitro paraffins, and so forth, all help to make up 
these fundamental theories, and it is well to present 
them as ideas which arose out of logical reasoning 
from experimental observations. Perhaps other teach- 
ers share the author’s satisfaction in pointing out that 





2 The author readily admits that the principle of homology 
cannot be extended too far, though few exceptions to it would 
arise in the first course. 
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although the physicist has demonstrated the existence 
of tetrahedral molecules or the flat disc of the benzene 
ring, the organic chemist had already arrived at those 
conclusions. 


4, CORRELATION WITH OTHER SUBJECTS 


Most of the old masters were proficient in the other 
sciences as well as in chemistry. Our present-day 
specialization into certain subjects has its advantages, 
yet the interrelation of various phases of science is 
just as important as ever, It is our duty, as well as our 
privilege, to make as many applications of chemical 
facts to other fields as is possible in the time at our 
disposal. Students of chemistry take more interest 
in their German, mathematics, physics, bacteriology, 
and so forth, when they see how closely these subjects 
are allied to chemistry. The bacterial liquefaction of 
gelatin becomes more meaningful when it is understood 
to be the hydrolysis of a protein at the acid amide 
groups. The number of such applications is quite 
large, indeed, and many subjects may be included. 
The author will always remember one of his earliest 
research preparations as being of unusual importance 
because the research director referred to it as the ‘‘aus- 
gangs-material."’ Incidentally, the study of chemical 
German thereby received a new impetus. The study 
of the optical and electrical properties of carbon com- 
pounds naturally emphasizes the connection with 
physics. When time is so limited and the field so 
broad nothing can be done in the first course in organic 
chemistry with the subject of dipole moments, yet it 
might be mentioned that polarization measurements 
show that ethers form an obtuse angle at the oxygen 
and are not straight line molecules. Such illustrations 
need take only a little time, but they are eminently 
worth-while in demonstrating that our subject is a part 
of the whole of science and not only is benefited by 
other branches but is in turn a benefit to others. A 
knowledge of organic chemistry is particularly im- 
portant to students of biology, medicine, pharmacy, 
dietetics, agriculture, and many other sciences. It 
will help even a physicist. 


5. INTRODUCTION TO CHEMICAL LITERATURE 


We are teaching organic chemistry—not a textbook. 
The subject itself is far larger than any one book and in 
fact the text is an extreme condensation of a very large 
number of articles in the journals. So great a wealth of 
literature is available for study and is so important to 
an understanding of the subject that the student should 
begin to be familiar with it early in his training. At 
the outset of the course in the study of the paraffin and 
olefine hydrocarbons references can well be given to 
articles in the industrial journals upon the petroleum 
industry. The separation of bromine from sea water 
and its conversion to ethylene dibromide’ is especially 
interesting to students. The intensive classroom study 
of any family of substances is enriched by these library 
references and the student is supplied with a breadth 


361 (1934). 


* Srewart, L. C., Ind. Eng. Chem., 2 
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of view which takes the subject out of the classroom 
and puts it into a world of scientific affairs. Although 
the student may as yet have only a limited knowledge 
of languages, the foreign journals need not be omitted. 
In fact it is well to point out that science, like music 
and painting, is a world-wide undertaking. Memorial 
lectures, such as those in the Journal of the Chemical 
Society (London) upon the lives and works of eminent 
chemists as well as pictures of the men and their labora- 
tories do much to convey to the student the interna- 
tionalism of science. 


6. COMMERCIAL DEVELOPMENT 


Organic chemistry is very much alive, not only in a 
purely scientific sense but also in its commerai&l applica- 
tions. Many substances which until recently were of 
use only for instructional purposes in the classroom 
and laboratory have been adapted to economic needs, 
and their production is now measured in tons rather 
than in grams. This is well illustrated by the recent 
advances in the aliphatic series. Sometimes chemical 
reactions which failed under ordinary laboratory condi- 
tions have been carried on successfully on an industrial 
scale under the influence of proper catalysts and at suf- 
ficiently high temperatures and pressures. Ethylene 
and acetylene as well as other hydrocarbons have thus 
reached important places as source materials for the 
preparation of large quantities of numerous substances. 
Surely the last fifteen years has not witnessed the 
completion of such developments and many more will 
be made in the future. Students should have a view of 
organic chemistry as a field with ever-widening horizons. 


7. LABORATORY OBJECTIVES 


Laboratory experimentation is the true method of 
studying a science. The results of these experiments 
are recorded in the books and chemical journals which 
students may read, but not all of the knowledge of a 
subject which one obtains should be derived from the 
literature. Some of it should be acquired at the foun- 
tain source in the laboratory. The work here should be 
partly preparations, as each student will need to know 
how to prepare certain typical compounds, and partly 
test-tube studies of the properties of the substance 
which he has made, as well as many others. The ob- 
jective in the laboratory should be to acquire orderliness 
and skill in experimentation, whether it be a matter of 
making preparations or studying the properties of sub- 
stances in test-tubes. 


8. DEVELOPMENT OF THE STUDENT’S REASONING POWER 


Development of one’s reasoning power is the ultimate 
objective of all education, and we set it as the last in 
this list. Few subjects are better adapted to this pur- 
pose than ours. A structural formula is assigned to a 
substance because of its observed properties, and after 
the student has solved a few problems in which the 
structural formula of a compound is to be determined 
from its analysis, molar weight data and chemical 
behavior, he concludes that the deduction of the for- 
mula is quite a logical process. In the solution of sucha 
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problem he has used information which he obtained in 
general chemistry and quantitative analysis as well 
as in organic chemistry. Problems in the synthesis of 
one compound from another also develop this reasoning 
power and impress upon the student’s mind the inter- 
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relation of various families of substances. The proof of 


the identi, .a qualitative ‘unknown,’ if it be one of a 


selected list of materials, is not too difficult for our 
first course and is an excellent means toward the same 
goal. 








SELECTION and ORGANIZATION 






of CONTENT in the FIRST COURSE 


NY discussion of the selection and organization 
of the content of an elementary course in organic 
chemistry must be of a by-and-large nature. 

This is so for a number of reasons, only three of which 
need be mentioned. First, the time given to an ele- 
mentary course may be a quarter, a semester, or a full 
academic year. Second, the elementary course may be 
intended primarily for chemists, chemical engineers, 
pre-medical students, students in agriculture, students 
in home economics, as well as students in other special 
fields or those who wish to have a so-called cultural 
course, or various combinations of such groups. Third, 
there may be significant variations in the quality and 
size of the classes. 

It is unwise to think of a ‘‘standard course’’ in or- 
ganic chemistry. There are altogether too many vari- 
able factors apart from the teacher, and there are sig- 
nificant differences among teachers. We are of the 
opinion that the teacher is more important than the 
selection and organization of content in a course. Ac- 
cordingly, it is best to present the few points we wish to 
make in the limited time at our disposal on the basis 
of an ‘‘experience meeting,’ with the understanding 
that they may or may not be applicable to other 
groups. 

(1) The numerous excellent texts on elementary 
organic chemistry provide an unusual opportunity to 
stress fundamental generalizations and correlations in 
the classroom, and to leave more and more of the factual 
material to be acquired by the student in collateral 
reading. 

(2) Regular and frequent drill questions on prob- 
lems like syntheses and separations have a twofold ad- 
vantage. First, they markedly facilitate acquisition 


1 Presented before the Division of Chemical Education at the 
ninety-fifth meeting of the A. C. S., Dallas, Texas, April 19, 1938. 
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and retention of basic facts and principles in a subject 
which calls for quite a bit of memory, particularly in the 
early stages. Second, a judicious selection of problems 
helps to quicken interest, develop logical thinking, and 
make reactions more real. The teacher would gener- 
ally wish, over the years, to supplement the problems 
in the text or in the excellent problem books now avail- 
able by problems of his own making. 


(3) Nomenclature is very important, but not so 
important to a beginner as to warrant frightening him 
by giving massive doses. A substantial grounding in 
nomenclature can be acquired if the presentation of 
rules is spread out. There is an advantage in assuring 
the student that the correct or acceptable naming of 
compounds comes with one’s increasing experience in 
the subject, and that the growth of knowledge of 
nomenclature is just as real and substantial if it be 
accomplished gradually rather than abruptly. 


(4) There is a deeper and more lasting understand- 
ing of the principles of stereochemistry if the student 
has an individual quiz on the subject, using models 
which he has constructed or purchased. 


(5) Large classes are best broken up at regular inter- 
vals for recitations. We have been sectioning students 
in such recitation groups on the basis of ability, with an 
opportunity for students to move up to the better 
groups or down to the poorer groups depending on their 
changing interest and ability. Such an arrangement 
not only appears to have pedagogical value but also 
makes it possible for the teacher in charge to have 
something more than a nodding acquaintance with the 
better students. 

(6) A course is not weakened by being made inter- 
esting, and there is much of historical and practical 
interest in organic chemistry. There is the usual run 
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of students who can see ‘‘no use’ to certain theories. 
However, even such students may be quieted or even 
stimulated by a frank statement that if there be no 
immediate technical application the theory not only 
has an aesthetic appeal, but also has helped in the 
general development of the science. 


JOURNAL OF CHEMICAL EpucaTIon 


(7) There are advantages to admitting to students 
at an early stage that there is a bit of art to the science 
of organic chemistry; that the generalizations are of a 
by-and-large nature; and that optimal conditions and 
selective reactions are frequently achieved by a sort of 
empiricism. 





LABORATORY EXPERIMENTS 
for UNDERGRADUATE 
ORGANIC CHEMISTRY 


IT, 111, AND IV. 


THE PREPARATION OF LYSIDINE, 2,3-DIHY DRO-5,6-DIPHENYLPY RAZINE 


AND 2?2,3-DIPHENYLPY RAZINE 
LAWRENCE H. AMUNDSEN 


University of Connecticut, Storrs, Connecticut 


II, LYSIDINE (4,5-DIHYDRO-2-METHYLIMIDAZOLE) 


HE preparation of lysidine may advantageously 

follow the preparation of diacetylethylenediamine! 
~ from which it is obtained by the elimination of 
acetic acid. The method described here is with cer- 
tain modifications that of Chitwood and Reid.’ Al- 
though their method of purification may be substi- 
tuted, experience with both has convinced us that for 
class use the method given below is preferable. 


H.—) 
2CH,CONHCH;CH;NHCOCH; + Mg—> 2] | 
CH, C—CH:+ 
Pun 


H 
(CH;COO).Mg + H:2 


Directions—Mix 15 g. of diacetylethylenediamine 
with 2.5 g. of powdered magnesium. Place the mixture 
in a 50-cc. distilling flask that is arranged for heating 
on a small sand bath. The side-arm should extend into 
a 50-cc. Erlenmeyer flask which is cooled by a stream 
of cold water. Heat the sand bath to 290° to 300°C.* 
and keep it at this temperature as long as any distillate 
comes over. Thirty to sixty minutes will be required. 
From time to time it may be necessary to warm the 
side-arm to prevent its becoming filled with the solid 


1 AMUNDSEN, L. H., “Laboratory experiments for under- 
graduate organic chemistry, I. The preparation of diacetyl- 
ethylenediamine,” Turis JouRNAL, 14, 141 (1937). 

* Curtwoop, H.C. anv E. E. Rem, “Some alkyl-glyoxalidines,”’ 
J. Am. Chem. Soc., 57, 2424 (1935). 

* Uncorrected. The temperature of 270° used by Chitwood 


and Reid? has been found by us to yield little if any distillate. 
They used a solder bath; we have used oil baths and sand baths. 


product. Since hydrogen is one of the products of the 
reaction, the heating should be done carefully. The 
weight of the crude product is generally somewhat in 
excess of the theoretical yield. Pour the melted product 
onto the bottom of a 400-cc. beaker, wash three times 
by decantation with enough ether to cover the material, 
and then dry it by letting the beaker stand at room 
temperature until the odor of ether is hardly per- 
ceptible. The removal of ether may be hastened by 
blowing dry air into the beaker. Do not attempt to 
remove the material from the beaker either while 
washing or drying. The product is now ready for 
sublimation. Cover the beaker with a watch glass and 
place it to a depth of one to one and one-half inches in a 
sand bath that is then heated to 80° to 110°C. There 
should be a slow but continuous crystallization of the 
product on the sides of the beaker. At higher tem- 
peratures there will be an excessive loss due to the 
escape of the vapors, and the lysidine will condense on 
the beaker in the liquid state. The crystals formed by 
the solidification of the liquid adhere to the glass and 
are therefore harder to remove than are the crystals 
formed directly from the vapor. The crystals that 
should be obtained are long and narrow and extend 
into the beaker. Sometimes it may be necessary to 
keep the temperature below the maximum of 110°C. 
if the sublimation is to take place properly. One 
must be guided somewhat by the appearance of the 
product as it forms. Remove the crystals occasionally 
and continue heating until no more of them form. An 
ordinary teaspoon is an excellent instrument for re- 
moving the crystals. The time required is partially 
dependent upon the temperature employed and may 
be three hours or more. If it is necessary to interrupt 
the heating, the beaker must be kept in a desiccator 
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or closed container to prevent the lysidine, which is 
hydroscopic,‘ from taking up moisture from the air. 
In fact, if the experiment is interrupted at any point, 
the lysidine must be so protected. As the crystals are 
collected, they should be placed immediately in a 
weighed, stoppered bottle. Determine the melting 
point and the yield. The melting point will probably 
be only a few degrees below 105°C., which is the 
melting point of the pure substance.? The yield is low, 
sometimes less than ten per cent. 


lI. 2,3-DIHYDRO-5,6-DIPHENYLPYRAZINE 


Benzoin, benzil, 2,3-dihydro-5,6-diphenylpyrazine 
and 2,3-diphenylpyrazine we have found to make a 
very satisfactory series of preparative experiments. 
Benzoin is prepared from 20 g. of benzaldehyde by the 
customary method.’ The benzoin is converted to 
benzil by oxidation with nitric acid. Since these 
procedures are well known and are given in many 
laboratory manuals; it is not necessary to describe 
them here. Our experiments with both the nitric acid 
method and the air-copper-sulfate-pyridine method’ 
have indicated that the former is more suitable for a 
small scale student preparation. The preparation of 
2,3-dihydro-5,6-diphenylpyrazine from benzil and ethyl- 
enediamine has been found to give excellent results. 
The directions given are adapted from the procedure 


of Mason. 


CsH;COCOC.Hs + 
JN 


SS 
NH,CH:CH:NH;—~> C.H;—C CH, + 2H,0 


C,.H;—C CH: 
S\ 


Directions.—Dissolve 10 g. of benzil in 30 cc. of 
ninety-five per cent. alcohol by heating in a 125-cc. 
Erlenmeyer flask. Add 4.5 cc. of sixty-eight per cent. 
ethylenediamine (or an equivalent quantity of ethylene- 
diamine of different concentration) and heat the mix- 
ture in a water bath under a reflux condenser for forty- 
five minutes. If crystals have not formed in the 
flask, immediately pour the hot supersaturated solution 
into a 100- or 150-cc. beaker. The difficulty of remov- 
ing the crystals from the flask is thus avoided. Often 
crystallization occurs at once when the solution is 
poured into the beaker, and sufficient heat is evolved 
to cause the alcohol to boil vigorously. Cool to room 


4 Since this was written Hill and Aspinall (Hitt, A. J. AND 
S. R. ASPINALL, ‘‘The preparation and cyclization of mono- 
acylethylenediamines,’’ J. Am. Chem. Soc., 61, 822 (1939)), have 
reported that this compound, which they prepared by a new 
method, is non-hydroscopic. Our experience indicates, however, 
that Chitwood and Reid? were correct when they stated that the 
compound is hydroscopic. 

5 Guan, H., “Organic ea. ” Col. Vol. I, John Wiley 
& Sons, Inc., New York City, 1932, 88. 

6 ADAMS, R., “Organic Syntheses,” Vol, I, John Wiley & Sons, 
Inc., New Vork City, 1921, p. 25. 

7 ADAMS, R., ibid., p. 80. 

8 MASON, A. TF; “Ueber Condensationsderivate des Aethylen- 
diamins,”’ Ber., 20, 267 (1887). 
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temperature. Finally place in a refrigerator if one is 
available. The loss due to solubility in cold alcohol is 
negligible. Filter the crystals, and wash them with a 
little alcohol. Dry the product in the usual way. 
Determine the yield and melting point, and reserve the 
product for the next experiment. The yield is about 
8.5-9.5 g. and the melting point is between 155° and 
160°C. with about a two-degree range. Highly puri- 
fied 2,3-dihydro-5,6-diphenylpyrazine melts at 161.5- 
162.5°C.° 


Iv. 2,3-DIPHENYLPYRAZINE 


Upon pyrolysis, 2,3-dihydro-5,6-diphenylpyrazine is 
converted into 2,3-diphenylpyrazine. This may be 
accomplished by heating it above its melting point," 
distilling it!' or heating it with alcoholic potassium 
hydroxide.!! After trying the first two methods we 
concluded that the first one is the more desirable. It 
has been found to give consistently satisfactory results. 


I. J 
CsH;—C CH, Cs,H;—C CH 

| — | | +H 
CsH;—C CH; CsH,—C 

Swe Nad 


Directions.—After placing 0.5.g. of the dihydro- 
diphenylpyrazine in a vial to submit as a sample, 
place the remainder in a test-tube and heat it in an 
oil bath at 215° to 220°C. for one hour. Tests have 
shown that thirty minutes is not long enough and that 
heating for three hours gives no better results than 
heating for one hour. Remove the test-tube from the 
oil bath and let it cool. As soon as it is below the boil- 
ing point of ethyl alcohol it may be purified by crystal- 
lization. Use 10 cc. of ninety-five per cent. alcohol for 
each gram of the dihydrodiphenylpyrazine which you 
used. This is more than three times the least quantity 
of alcohol that will dissolve the product, but when the 
extra alcohol is used the greater ease of carrying out the 
crystallization and the increased purity of the product 
compensate for the lower yield. Dry the product as 
usual and determine the yield and melting point. 
This method gives a yield of forty to fifty per cent. 
The product obtained melts at about 112° to 116°C." 


NOTE ON EXPERIMENT I OF THIS SERIES’ 


A slightly better product, as indicated by melting 
point determinations, is obtained if ether is used instead 
of ethyl acetate for washing the diacetylethylene- 
diamine. 





9 Corz, A. T., Ph.D. Dissertation, University of Florida (1935). 
Mason reported 160° to 161°C.’ and in another paper reported 
181°C.,!° which was possibly a typographical error, 

10 Mason, A. T., “Contributions from the laboratory of 
the University of Zurich. II. Piazine-derivatives.”” J. Chem. 
Soc., 55, 99 (1889). 

11 Mason, A. T. AND L. A. Dryroos, “‘Piazine derivatives,” 
ibid., 63, 1293 (1893). 

12 The melting point which has been reported for the pure 
compound is 118° to 119°C.!° A few students have reported that 
they obtained a different product, which melted at 210° to 220°C. 





LABORATORY WORK for the 
CHEMISTRY PART of a GENERAL 
COURSE tn the PHYSICAL SCIENCES 


E. J. ROSENBAUM 


The University of Chicago, Chicago, IIlinois 


ITHIN recent years the development of new 
V \ general (‘‘survey’’) courses in the Physical Sci- 
ences has brought with it many new problems, 
among which is the question of suitable laboratory work. 
Although many institutions have evaded this problem, 
there is general agreement that some sort of laboratory 
work is highly desirable, for otherwise students memo- 
rize definitions and generalizations without adequate 
recognition of their observational background. But it 
is very clear that the conventional type of technical 
training offered in courses in physics and chemistry is 
out of the question for reasons directly related to the 
fact that all students are usually required to take the 
general course. In the first place, the classes are rela- 
tively very large. It is impractical to have available a 
large amount of laboratory space and equipment which 
is used for only part of the academic year. Even more 
important is the fact that a large fraction of the stu- 
dents has had neither high-school physics nor chemis- 
try and, consequently, no laboratory experience. These 
students, whose need for the laboratory work is ob- 
viously the greatest, are the ones who, in general, have 
neither talent for nor interest in this aspect, of the 
physical sciences. For these students the development 
of technical skill within reasonable time limits is im- 
possible and should not be attempted. 

Liberal use of lecture demonstrations is, of course, a 
great help in ameliorating this situation. Likewise the 
use of motion pictures broadens the students’ observa- 
tional horizon. But with large classes many details of 
a lecture demonstration are not easily visible, and the 
number of topics which can be covered by motion pic- 
tures is limited. Neither one of these valuable aids 
completely replaces that direct, intimate contact with 
phenomena which can be obtained only in the labora- 
tory. 

The difficulty of supplying suitable laboratory work 
in physics has been overcome to a large extent by the 
development of “Physics Museums.”* In these the 
student can perform experiments with very primitive 
manipulations, often by merely pushing a button. The 


1 Presented before the Division of Chemical Education at the 
ninety-eighth meeting of the A. C. S., Boston, Mass., September, 
14, 1939. 

? Lemon, H. B., Am. Phys. Teacher, 2, 10 (1934); Hutcuis- 
son, E. anp V. Hicks, ibid., 3, 65 (1935); INGERSOLL, L. R., 
thid., 4, 112 (1936). 


simplicity of the technic required permits the atten- 
tion of the student to be focused on the point which the 
experiment illuminates. A similar treatment of the 
chemistry experiments might seem an attractive possi- 
bility, but experience has shown that this approach is 
quite impractical. It is relatively difficult to construct 
semi-automatic chemical apparatus and even more 
difficult to keep such apparatus in good working condi- 
tion. 

Instead of attempting to imitate the physics treat- 
ment of the laboratory work, it seemed more desirable, 
in connection with the Physical Science General Course 
at the University of Chicago, to re-examine conven- 
tional chemistry experiments and to inquire to what 
extent they could be adapted to general course require- 
ments—to what extent they could be ‘‘streamlined.” 
The guiding thoughts in this analysis were the follow- 
ing. 

(1) The work should be planned specifically for those 
who have not had high-school chemistry. Conse- 
quently, 

(a) The experiments must be so extremely simple 
that technical difficulties do not obscure the point 
to be illustrated. 

(b) The experiments must be so foolproof that 
even with unskilled hands there is no real danger. 

(2) Each experiment should have a definite objective 
which is intimately related to the material covered in 
the lectures. 

(3) No attempt should be made to teach technic be- 
yond a general appreciation of the fact that carefulness 
is essential in the laboratory. 

On the basis of these premises a set of chemistry ex- 
periments has been developed here which seems to meet 
the needs of a general course particularly well. Par- 
ticipation in the laboratory work is entirely voluntary. 
The average student can complete the assigned work 
by spending a minimum of one-half hour per week in 
the laboratory (although many spend more time than 
this) while chemistry is under consideration. This 
means that a laboratory holding fifteen to twenty stu- 
dents is sufficient to take care of a fairly large class. 
The apparatus required consists almost exclusively of 
test-tubes, and the amount of supplies used up is rela- 
tively small. 

Before some of these experiments are described, it 
may be well to sketch the background in which they 
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are performed. As the student enters the laboratory 
he takes a mimeographed sheet of instructions. After 
he has read this through to get some idea of what is 
ahead of him, he receives from the laboratory assistant 
a test-tube rack filled with tubes containing most of the 
chemicals he needs, and takes it to a section of labora- 
tory desk equipped with a Bunsen burner. If he must 
wait because all the desk space is occupied, or when he 
has finished his experiments, his attention is directed to 
the exhibits and automatic experiments on display. 
He might find laid out on a table a periodic chart con- 
taining samples of a large number of elements or a col- 
lection of particularly interesting compounds. In an- 
other corner of the laboratory a distillation or the elec- 
troplating of a silver spoon might be in progress. 

When the student begins his experiments he finds 
that the mimeographed sheet referred to above is an 
essential part of the laboratory instruction. It carries 
not only complete directions for each experiment but 
also many explanations of observed phenomena and 
leading questions aimed at more careful observations 
and closer correlation between laboratory work and lec- 
ture material. The directions are made extremely 
specific by numbering the holes in the test-tube rack 
and then referring to the tubes in these holes by num- 
ber. 

The first week’s work covers the general topics of 
elements, mixtures, and compounds, nature of a chemi- 
cal reaction, and the concepts of oxidation and reduc- 
tion. Each laboratory section opens with a brief dis- 
cussion by the assistant of methods of separation of 
mixtures into pure substances. This is illustrated by a 
demonstration of the separation of NaCl and MnO, by 
filtration, and the separation of CuSO, and H,0 by dis- 
tillation. The first experiment is on the reaction of 
iron and sulfur. The directions are as follows. 



























Test-tube 1 contains a mixture of sulfur and iron. The iron 
could easily be separated from the sulfur by use of a magnet. 
Put a little of this mixture into test-tube 2 for later use. Heat 
tube 1 over a burner, gently at first, then briskly until a red glow 
appears at the end of the tube. Remove from the flame and ob- 
serve the glow. Why does it continue? Ask the assistant to 
break the test-tube for you and observe the contents. Is any 
part attracted by the magnet on the reagent shelf? Add a few 
drops of hydrochloric acid (HCl) (reagent shelf) and notice the 
odor. Now add a few drops of HCI to the mixture in test-tube 2. 
Do you notice the same odor? What must have happened when 
tube 1 was heated? 














A test for the most common product of combustion 
is then made by sucking the gases from a candle flame 
through Ca(OH), solution with an aspirator. The 
student blows into another tube of the solution and thus 
identifies CO, as a product of biological oxidation. To 
show that the more active metals burn in air a piece of 
magnesium ribbon is ignited. To show that substances 
other than oxygen can support combustion one of the 
tubes contains chlorine. Into this tube a piece of filter 
paper soaked in turpentine is dropped, and the tube is 
quickly re-corked. The observed charring is very con- 
vincing. Hydrogen, which is referred to as a typical 
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reducing agent, is prepared by dropping a few pieces of 
zinc into a tube of hydrochloric acid. 

The first week’s work is closed by two experiments on 
the behavior of strong oxidizing agents. In one of these 
a dropperful of concentrated sugar solution is added to 
a tube containing concentrated sulfuric acid. In the 
other one drop of glycerin is added to a small pile of 
pulverized potassium permanganate on a glass plate. 
(This experiment can also be used as an illustration of 
spontaneous combustion.) 

The experiments of the second week are intended to 
supplement some descriptive lectures on the com- 
pounds of the more common elements. First, the stu- 
dent is directed to a series of beakers containing labeled 
solutions of common bases and acids and a few ‘‘un- 
knowns.” After he has become familiar with the color 
changes of litmus paper, he is ready to proceed. 


Ask the assistant for test-tube rack and some ‘‘dry ice.” This 
is solid CQ,. Since it is very cold do not handle it with bare 
hands. Puta piece in test-tube 1. The tube is now full of CO, 
gas from the evaporation of the solid (more correctly, sublima- 
tion). Light a splint and put it into the tube. Does CO, sup- 
port combustion? Add a half dropperful of lime water (solution 
of Ca(OH)2) to tube 2. CO, is heavier than air and may be 
poured from one tube to another just like a liquid. Pour some 
CO, from tube 1 into tube 2. Cork the tube and shake. Have 
you seen this reaction before? Toa small piece of CO, in tube 3 
add a dropperful of distilled water and cork the tube. After the 
solid has disappeared, test the solution with blue litmus paper. 
Is the solution acidic or basic? 


Following this, the bleaching action of chlorine water 
on dyed cloth and on litmus paper is observed. Then 
comes the only experiment in the course which requires 
the use of a hood—the reaction of nitric acid with cop- 
per. All that the student needs to do is drop a few 
copper pellets into the nitric acid contained in his tube. 
In spite of the possibility of an accident with the nitric 
acid there has been no difficulty with this experiment. 
During this week a number of alloys, ores, and nitro- 
gen compounds are on exhibition. 

The principal topics of the third week are reaction ve- 
locity and chemical equilibrium. The experiments can 
best be described by quoting the directions. 


Test-tubes 1 and 2 contain two different concentrations of 
HCl. Add a few pieces of granulated zinc to each. Which tube 
contains the more concentrated acid solution? 

Test-tube 3 contains a piece of iron and tube 4 contains iron 
powder. Add to each a small amount of dilute HCl from the re- 
agent shelf. Observe the effect of the state of subdivision on the 
reaction velocity. 

Tube 5 contains a mixture of two compounds (Na,CO; and 
citric acid) which has been standing for days without reacting. 
Add a few drops of water. Why is there so large a difference in 
reaction velocity between the mixed solids and the solution? 

Tube 6 contains pure potassium chlorate (KCIO;). Heat this 
compound and test for the presence of O2 with a glowing splint. 
Tube 7 contains a mixture of KCIO; and MnO:. Heat the con- 
tents of this tube and again test for the presence of O:. Which 
tube gives O, more rapidly? The MnO, could be recovered un- 
changed after the reaction is over. See Schlesinger, pp.156-7, 
for a discussion of its action. 

In tube 8 is a saturated solution of BiCl;. Adda few drops of 
water and observe the reaction. Add a drop or two of HCl and 
observe. Repeat the addition of water and acid. How is the 
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equilibrium of the reaction BiCl; + H,O = BiOCI + 2HCI af- 
fected by H,0? By HCl? 


Since these experiments can be performed rapidly, 
there is time for a preview of the next week’s work, 
which is mainly on the theory of ionization. 


Near the reagent shelf you will find a series of solutions and 
compounds whose electrical conductivity is to be tested. Re- 
member that the more brightly the flash-light lamp shines, the 
larger is the current passing through it. To test the circuit, 
touch the wires from the battery for a moment and observe the 
light. Then insert the wires in the sample to be tested, being sure 
that the wires do not touch each other. Can you account for the 
fact that some solutions are good conductors and others are not? 
This will be discussed later in the course. 


The experiments of the fourth week are on the reac- 
tions of ions. By this time the students have had a 
moderate amount of experience with chemical equa- 
tions, and they are urged to write the equation for each 
reaction they observe. This week’s exhibits include a 
large-size galvanic cell connected to a demonstration- 
type galvanometer, and an electrolytic cell in which 
silver is deposited. 


Hydrochloric acid is contained in tube 1 and acetic acid just as 
concentrated is contained in tube 2. Add a few pieces of zinc to 
each tube. Which reaction has the greater velocity? In which 
tube is the concentration of hydrogen ions the greater? Which 
is the stronger acid? 

Tube 3 contains concentrated HCl and tube 4 contains con- 
centrated NaOH. Mix these two slowly and carefully without 
allowing any to spill. Pour a small amount of the resulting solu- 
tion in a small watch glass and place on the hot plate near the 
door. When the solution has evaporated remove the glass with 
a pair of forceps. After the solid has cooled taste a few crystals. 
What is the compound? 

Tube 5 contains washing soda, NazCO;. Add some vinegar to 
it. In accounting for the reaction, remember that vinegar is a 
dilute solution of acetic acid. 

Tube 6 contains a solution of AgNOs. 
NaCl solution. The white curdy precipitate is AgCl. Adda 
dropperful of concentrated NH,OH and shake for a while. What 
happens? Adda dropperful of HCl. What is the precipitate? 

Tube 7 contains a solution of salts of silver and lead. Adda 
few drops of HCl. The precipitate is a mixture of AgCl and 


Add a few drops of 


JourNAL oF CHEMICAL Epucation 


PbCl,. Add three dropperfuls of NH,OH, cork with thumb, and 
shake well, Secure a funnel and filter paper from the assistant, 
Filter the turbid solution into tube 8. The white PbCl, remains 
on the filter paper. What has happened to the AgCl? How 
can you precipitate it again? This is a test for the presence of 
Agions. The technic you have used here is typical of qualitative 
chemical analysis. 


Those students who are sufficiently interested are given 
the opportunity of carrying out an acid-base titration 
under the guidance of the laboratory assistant. 

The fifth and final week includes an experiment on 
the displacement of copper by zinc and of mercury by 
copper, thus furnishing the simplest approach to the 
electromotive series. The remaining experiments are 
all on organic chemistry. The student observes the 
decolorization of bromine solutions by amylene, and 
the lack of decolorization with hexane. He carries out 
the reaction of Fehling’s solution with glucose. He con- 
trasts the behavior of silver nitrate toward a sodium 
chloride solution and toward carbon tetrachloride. 
He adds a few drops of water to a piece of calcium car- 
bide and ignites the gas which is evolved. 

The chief exhibit this week is the largest assortment 
of interesting organic compounds which can be col- 
lected. Such compounds as benzene, aniline, trinitro- 
toluene, aspirin, and various dyes are on display, each 
with a card bearing its structural formula and a few de- 
scriptive sentences. 

No special merit can be claimed either for the par- 
ticular experiments chosen here, or for the order in 
which they are to be performed. These details were 
determined entirely by the desire to furnish effective 
support for the subject matter of the lectures given in 
the general course at Chicago. It would be a relatively 
simple task to adapt similar laboratory work to any 
other arrangement of lectures. It is worth emphasiz- 
ing, however, that the general course laboratory work 
described here has been successful in bringing some 
modicum of experience with experimental chemistry to 
students who otherwise would have had no contact with 
laboratory work. 





CHEMISTRY in the EDUCATION 
of a FORESTER 


EDWIN C. JAHN? 
The University of Idaho, Moscow, Idaho 


The author discusses the place of chemistry in the 
training of a forester, from the standpoint of basic educa- 
tion and preparation for subsequent forestry courses and 


1 Presented before the Forestry Section, Northwest Scientific 
Association Meeting, Spokane, Washington, December 28, 1937. 

2 Present address: The New York State School of Forestry, 
Syracuse, New York. 


the ultimate practice of forestry. The need for chemistry 
in the practice of forestry is pointed out in relation to 
silviculture, tree physiology, ecology, pathology, forest 
soils and microbiology, wood utilization, preservation and 
forest research. 

One year of chemistry is the barest minimum of prepara- 
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tion for a forester. There is a difference of opinion re- 
garding the content and nature of this general course for 
foresters. The author argues for a thorough basic course 
with laboratory work. The forester should have a good 





































ice of 
ative @ hasic knowledge of the principles of chemistry and the 
chemical properties and reactions of the elements and com- 
iven pounds as well as training in scientific methodology and 
tion experimental manipulation. 
The burying of basic principles in a mass of detatls 
t on and the failure to properly organize and present the 
r by material ts a common failing in the teaching of chemistry 
the and other sciences. The course should be so taught that 
are the student grasps the logic of the development of the chemi- 
the cal principles and laws from the facts presented. 
and Foresters need more than one year of chemistry and an 
out additional year covering the elementary principles of ana- 
on- lytical, organic and plant biochemistry is recommended. 
um 
de. ~+ + + + + 
ar- 
ont INTRODUCTION 
ol- TINHE sciences of physics and chemistry are con- 
- cerned with the phenomena of the physical world, 
ch i. e., with all the materials and energies of the 
le- universe. The boundaries of these two sciences merge, 
and in their broader aspects, they may be considered as 
” one. Today physics is generally considered as the sci- 
= ence of matter, involving no chemical changes. Chem- 
vi istry is concerned with the composition of substances 
Pa and of their transformation. Chemistry and physics 
- are, therefore, basic sciences whose laws and principles 
ly extend inexorably through all other natural sciences. 
y The existence and behavior of living organisms are 
= governed and motivated by physical and chemical laws. 
k Every cell and every organization of cells is a most deli- 
. cate and intricate chemical-physical laboratory. The 
internal physical and chemical phenomena of living 





organisms, such as colloidal surface reactions, diffusion, 
capillary flow, organic synthesis, and delicate catalytic 
reactions are influenced by external physical and chemi- 
cal factors such as temperature, light, wind, gravity, 
water, and other living organisms, and the soil. Since 
a forest is a very complex association of trees and 
plants, animals and microérganisms, the effect on a 
forest community of external factors and of competi- 
tion is extremely complicated. 

The problems with which forestry deals are highly 
diversified and require a broad basic training in the 
natural sciences, mathematics, surveying, and eco- 
nomics. Forestry is an applied science based on chem- 
istry and physics, the botanical sciences, soils and geol- 
ogy, and zodlogy. Of the foundation studies for 
forestry, none is more important than chemistry. A 
very excellent and concise statement on this subject is 
given by Graves and Guise* in their book, ‘‘Forest Edu- 
cation.” I quote directly, “It is unnecessary in this 























3 Graves, H. S. ano C. H. Guise, ‘‘Forest education,” Yale 
University Press, New Haven, Connecticut, 1932, 421 pp. 
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report to discuss the reasons for providing instruc- 
tion in chemistry and physics, either from the stand- 
point of general education, or in preparation for the 
subsequent courses in forestry. The subjects are basic 
to all study of science. Our knowledge of the natural 
phenomena with which we deal in forestry in the final 
analysis is based on chemistry and physics. In these 
subjects the student is brought into contact with funda- 
mental facts of nature, and he is given training in ac- 
curate observation, in the method of analysis, and in 
reasoning from observation. The acquisition of knowl- 
edge of direct service in technical work in forestry, the 
acquaintance with the profound truths of science that 
enable one to understand better the world about him, 
and the training in scientific method are all of impor- 
tance in a preparation for the profession of forestry. 
These facts are generally recognized by the forestry 
schools.” 


NEED FOR CHEMISTRY IN THE PRACTICE OF FORESTRY 


Although the reasons for instruction in chemistry as a 
preparation for forestry may be generally recognized, 
there is, nevertheless, considerable difference of opinion 
as to how much chemistry should be required and how it 
should be taught. Is one year sufficient, or are more 
desirable? Should chemistry be taught to foresters in a 
thorough fundamental course as is required for majors 
in chemistry, or is a general survey course more desir- 
able? 

Before answering these and other questions, let us 
examine the need for chemistry in the practice of fores- 
try and in the education of a forester. 

As Basic Education.—One of the objectives of educa- 
tion is to give the student a better comprehension of 
the world about him. Chemistry (and physics) ac- 
quaints the individual with the fundamental concepts 
and laws of nature. It gives him a better understand- 
ing and appreciation of the world of which he is a part. 
Therefore, chemistry should be an important part of 
any scheme of higher education. A law professor re- 
cently stated that chemistry should be included in the 
law curriculum, because many of the industrial and 
other cases which come up involve chemistry, and if the 
lawyer has no ability to understand and evaluate the 
chemistry involved, he is severely handicapped. 

Now forestry is an applied science based on the 
natural sciences, including chemistry. Furthermore, 
chemistry is basic to all natural science. Chemistry, 
therefore, should be a part of the basic training of all 
foresters. It may be further argued that the training 
in the technics of observation, analysis, and reasoning 
obtained in chemistry are of vital importance and value 
to a forester. 

In Silviculture.—The practice of silviculture is based 
on a knowledge of botany, particularly dendrology, 
ecology, and physiology, on pathology and entomol- 
ogy, and on geology, soils, and meteorology. Training 
in the principles of chemistry is essential for a proper 
understanding of physiology, ecology, and soils. The 
chemistry involved in the growth and life processes of 
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trees, the effects of environment on the biochemistry 
of the tree, and the chemistry of the soil and its rela- 
tion to nutrition, growth, and the character of the 
stand are all essential to the intelligent practice of 
silviculture. The chemical composition of the soi! has 
a very important, but as yet little understood, effect on 
the growth of trees and the nature of a forest. Certain 
chemicals are essential to growth, others have been re- 
cently discovered which, when added in exceedingly 
small amounts to the soil, greatly stimulate growth 
and even change the behavior of the trees. 

The chemical changes taking place in humus, the ef- 
fects of thinning, logging, and fire on the chemistry 
of a forest are other important factors to consider in 
silviculture. A simpler, yet important application 
of chemistry to silviculture is the treatment of seeds 
by certain chemicals to hasten and stimulate germina- 
tion. 

It is not expected that every forester should be a 
specialist in soil chemistry or physiological chemistry, 
but he should know sufficient chemistry to understand, 
interpret, and apply chemical data and make simple 
observations. 

In Forest Protection.—In protection from fire, physics 
is more fundamental than chemistry. A knowledge 
of the effects of temperature, humidity, and other 
meteorological factors on the inflammability of duff 
are a direct application of physics. Chemistry, how- 
ever, may play a part in fire control in the future. For 
example, chemical sprays might be used to check or 
retard fires. A recent article by H. R. Offord and R. P. 
d’Urbal‘ contains a discussion on the use of chemicals 
in burning wet brush piles. This holds interesting pos- 
sibilities for controlled slash burning. 

In forest pathology, a knowledge of chemistry is 
necessary for an understanding of the action of fungi 
and other parasites on wood or other tree tissues. Con- 
trol measures involve the use of toxic chemicals in many 
cases. 

In Forest Utilization.—Wood is an organic tissue 
produced by biochemical processes from air and water. 
The soil furnishes the water and various essential cata- 
lytic chemicals. Wood is a very complex chemical sub- 
stance, and is an important raw material for chemical 
industries. From wood there are manufactured by 
chemical processes pulp, paper, fiber boards, textiles, 
cellulose wrappers, plastics, solvents, acids, tannin, 
preservatives, charcoal, oils for paints and as chemical 
solvents, and many other useful commodities. 

Chemical utilization of forest trees is an important 
part of forestry and will undoubtedly increase in im- 
portance in the future. The theoretical or laboratory 
possibilities for further practical developments in 
chemical utilization are most promising. Much re- 
search is being done over the world in wood chemistry. 
Since chemical processes deal with the minute units of 
wood, the fibers, the colloidal particles, and the mole- 


* Orrorp, H. R. AND R. P. p’URBAL, “‘The use of chemicals 
im brush burning,” J. Forestry, 35, 942-7 (Oct., 1937). 
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cules, wood wastes should be ideally suited for utiliza- 
tion by chemical means. A number of lumber com- 
panies and lumber associations are interested in the 
chemical development of by-products from their mil] 
wastes and are surveying possible research programs, 
At least two companies in the West already have re. 
search laboratories and chemists working on waste 
utilization problems. 

In the large and important field of preservation of 
lumber and timber products, a knowledge of chemis- 
try is essential. 

It is evident that chemistry is of vital importance to 
the specialist in utilization, even to the student who 
goes into commercial lumbering. The general forestry 
student does not need the detailed knowledge of a wood 
utilizationist, but he should have sufficient knowledge 
of chemistry to understand and appreciate the prob- 
lems and new possibilities of utilization of the forest. 

In Forest Research.—Practical forestry must build on 
research. In fact, research should always be ahead of 
forestry, for otherwise practice must move by rule of 
thumb, and such blind practice is frequently costly or 
even disastrous. Research is a large and important 
branch of the Forest Service, and many other institu- 
tions are carrying on technical and scentific forestry 
research. Such research, to be carried out intelli- 
gently, must be done by men with thorough training in 
their specialties and with broad fundamental training 
in the sciences basic to forestry, among which chemis- 
try is important for reasons already given. 

In Forest Management.—A knowledge of chemistry is 
no criterion for a successful forest manager. But, 
nevertheless, a forest administrator who has a general 
understanding of chemistry is better able to appreciate 
and interpret certain data and problems with which 
he may have to deal. He will be in a better position to 
understand and apply the results of research work to the 
practical management of his forest areas. 


NATURE OF TRAINING IN CHEMISTRY 


The need for basic training in chemistry for foresters 
is apparent. However, there is considerable differ- 
ence of opinion with respect to the nature and extent 
of chemistry courses necessary for foresters. 

With the exception of certain specialized curricula, 
such as wood utilization, we cannot expect to teach 
more than the elements of chemistry. The usual 
requirement in most forestry schools is one year of 
general chemistry. In most cases, this general chemis- 
try course is the same for all groups of students, 7. e., 
foresters, engineers, science majors, and others. In 
principle, this is as it should be. I shall elucidate this 
point. 

Foresters, after graduation, go into a diversity of 
jobs. In some of these jobs, the value of chemistry 
may not be immediately apparent. In others, particu- 
larly in research, a knowledge of chemistry at once be- 
comes useful. Some graduates train to become spe- 
cialists, either by self-study and experience or by gradu- 
ate work. Therefore, the undergraduate work in 
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chemistry must be such that it gives the general forest 
production student sufficient understanding of the sub- 
ject for the intelligent practice of forestry, and will also 
enable him to build onto this work without loss later on 
if he wishes to specialize. This means that if only one 
year of chemistry is required, as is usual, no more than 
the elements and basic principles can be taught, but 
these should be taught thoroughly. A special course 
for foresters, if it means a simplified course or a general 
survey or laymen’s course, is undesirable and inade- 
quate both in the subject matter taught and in the 
scientific methodology learned. 

It is argued by some that foresters do not need the 
laboratory work nor the detail covered in the usual 
freshman chemistry course, and that the course is or- 
ganized essentially as a preparation for chemistry 
majors. Instead, they urge a separate course with 
demonstrations in place of laboratory work and with less 
detail and more emphasis on the practical and every- 
day applications of chemistry. For non-technical and 
non-science students such a course may be excellent, 
for it will give them an appreciation of and a general 
understanding of how chemistry fits into the scheme of 
things. But it would teach little chemistry, little 
analytical and scientific methodology, and no experi- 
mental technic or manipulation. These things and a 
good basic knowledge of the principles of chemistry 
and the chemical properties and reactions of the ele- 
ments and compounds are necessary preparations for 
sound courses in plant physiology, ecology, silviculture, 
forest soils, and wood utilization. Such a basic chemis- 
try course need not overlook the teaching of practical 
applications of chemistry to human life and endeavor. 

One year of chemistry is the barest minimum of 
preparation for a forester. Additional courses in 
analytical and organic chemistry are very desirable 
preparation for studies in physiology, ecology, forest 
soils, and silviculture. However, the forestry cur- 
riculum is already so crowded with essential material 
that it is impossible to include the standard second and 
third courses in chemistry (analytical and organic). 
Furthermore, for the average forestry training it is un- 
necessary and unwise to do so. A better arrangement 
would be to design a second year of chetaistry for 
foresters to give them some understanding of analytical, 
organic, and plant chemistry. At Idaho a second 
course of one semester’s duration was designed for 
agricultural students. It involves the elements of 
analytical and organic chemistry. Idaho forestry 
students now take this course. A half-year course in 
plant biochemistry should follow this. Such an ar- 
rangement would extend and apply the fundamentals 















































of the introductory course to the chemistry of the tree. 
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In discussing the deficiencies of forest education, 
Graves and Guise® point out that the most significant 
criticism by those best qualified to form a judgment is 
the lack of thoroughness in fundamentals. They also 
point out that many graduate foresters feel that their 
basic work was of little value. Analysis indicates that 


the trouble lies not in the inclusion of fundamentals and 


of the theory and principles of the subject, but lies in 
the fact that the work was not thorough or the train- 
ing was poor in quality, or the student failed to take 
advantage of the opportunities offered by the school. 


Our introductory fundamental science courses are, 
unfortunately, frequently deserving of criticism. More 
unfortunately, this criticism often results in a weaken- 
ing of the course by curtailing theoretical work, and 
generalizing by teaching the subject as a survey course. 
A common fault in the teaching of introductory chemis- 
try and physics is that in the attempt to cover the 
ground, a great mass of factual information is handed 
out. This is because thest subjects have expanded 
greatly in recent years, and} the instructor fails to or- 
ganize the material properly. The student, even a 
good one, may fail to assimilate it, and his mental 
powers are certainly not} stimulated. Warren K. 
Lewis® of the Department:of Chemical Engineering, 
Massachusetts Institute of Technology, in discussing 
the education of engineers} points out that students 
who are trained in the above manner, “..... have 
grandiose concepts but cloudy notions of their relations 
to the facts. Many a graduate student, who will talk 
glibly of the third law of thermodynamics, is unable to 
give any idea of the nature of energy or the reasons for 
assuming its existence, or will define temperature as 
what the thermometer reads.’’ In other words, as 
Lewis points out, the acceptance of any of the knowl- 
edge taught is an act of fdith and not an intellectual 
appreciation of its background and meaning. 

A course in chemistry—dr in any science—should be 
so taught that the student grasps the logic of the de- 
velopment of the scientific laws and principles from the 
facts presented. The logital development of theories 
from known facts given tne student teaches him not 
only the facts and theories and the limitations of the 
theories, but trains the student to think logically along 
scientific lines. It develops analytical and creative 
thought which is important in meeting new problems 
in the profession. 





5 Graves, H. S. AND C. H. (SuIsE, loc. cit. 
6 Lewis, W. K., “Looking aliead in professional development,”’ 
Chem. Met. Eng., 44, 680-1 (Niov., 1937). 
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In the article of the above title [J. Cem. Epuc., 16, 
77-83 (1939)], the outline of procedure at the bottom 
of page 81 refers, of course, to the analysis of Division 
B, of Group II, discussed on page 82. 











A QUALITATIVE PROCEDURE FOR THE ANALYSIS/OF GROUP IIl— 
A CORRECTION | 


On page 82, column , line 29, after the sentence, 
“Evaporate filtrate to dryness with HCl,” insert “Dis- 
solve residue in 25 ml. HiCl.” 


| 
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A SURVEY of the TRAINING and 
PLACEMENT of WOMEN CHEM- 
ISTRY MAJORS in WOMEN’S and 
CO-EDUCATIONAL COLLEGES 


ETHEL L. FRENCH 


University of Rochester, Rochester, New York 


graduates have found it difficult to secure em- 

ployment in positions for which their training 
has supposedly qualified them. It was deemed of 
interest to ascertain to what extent this is true, and to 
secure data concerning opportunities which women 
have, not alone, to secure suitable training, but to find 
satisfactory employment thereafter. 

In June, 1939, a questionnaire concerning the train- 
ing and placement of women was sent to many of the 
women’s and co-educational colleges and universities 
in the United States. The returns were very gratify- 


| fare the past few years women chemistry 








TABLE 1 
PERCENTAGE OF WOMEN CHEMISTRY FACULTY 
Per cent. 

No. No. of faculty women 
Faculty rank colleges Men Women faculty 

Full professor 180 402 34 8.0 
Associate professor 148 200 18 7.2 
Assistant professor 160 263 27 9.2 
Instructor 150 247 49 16.6 
Total teaching faculty 180 . 1112 128 10.2 
Fellow 24 115 8 6.5 
Graduate assistant 137 1167 52 4.2 
Grand total chemistry faculty 201 2394 188 7.8 


ing, and the author wishes to thank all who were so 
kind as to fill it in so completely. The questionnaire 
requested information concerning the position of women 
in college chemistry teaching, the availability of 
college scholarships for women students, the require- 
ments for a college degree with a major in chemistry, 
and chiefly information concerning vocational place- 
ment and salary for women chemistry graduates from 
1934 through 1938. 

In discussing the training and placement of women 
chemistry majors, from a statistical point of view, it is 
of interest to study first the position of women on the 
chemistry faculties. Table 1 shows that the percent- 
age of women in the various professional ranks ranges 





1 Contribution to the Symposium on Training and Oppor- 
tunities for Women in Chemistry conducted by the Division of 
Chemical Education at the ninety-eighth meeting of the A. C. S., 
Boston, Mass., September 14, 1939. 


from 7.2 per cent. for associate professors to 16.6 per 
cent. for instructors with 10.2 per cent. of the total 
chemistry teaching faculty? as women. Since the 
percentage for both women fellows and graduate 
assistants is low, 6.5 per cent. and 4.2 per cent., re- 
spectively, the percentage of women for the grand total 
chemistry faculty* decreases to 7.8 per cent. 


TABLE 2 


CHEMISTRY FACULTY DEGREES 





Per cent. Per cent. 
Total No. No. of faculty women Total teaching 
teaching faculty colleges Men Women faculty faculiy faculty 
With B.S. only 177 a Hee nate 30 2.4 
With M.S. only 177 182 61 25 243 19.3 
With Ph.D. 177 898 85 8.5 983 78.3 
Totals 1080 146 1256 


A study of chemistry faculty degrees (both men and 
women) shows that 2.4 per cent. have B.S. only, 19.3 
per cent. M.S. only, and 78.3 per cent. have Ph.D. 
degrees. Out of two hundred forty-three faculty 
members having M.S. degrees only, twenty-five per 


TABLE 3A 
Facu.tty Loap—CoursEs 


Undergraduate Teaching 


Per cent. 
women 
Total no. of total Per cent. distribution of 
No. of coll. faculty faculty teaching load 
38 teaching teaching For men For women 
Inorganic chemistry 728 13.0 55.5 55.3 
Organic chemistry 337 14.8 25.0 29.0 
Physical chemistry 253 10.7 19.7 15.7 
Totals 1318 38.5 
Graduate Teaching 
Inorganic chemistry 71 7.0 30.6 21.7 
Organic chemistry 72 11.1 29.6 34.7 
Biochemistry 17 17.7 6.5 13.2 
Physical chemistry 79 16.5 33.3 30.4 
Totals 239 





2 Total teaching faculty includes full professor through in- 
structor. 

3 Grand total faculty includes full professor through graduate 
assistant. 
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cent. are women; and out of nine hundred eighty- 
three having Ph.D. degrees 8.5 per cent. are women. 
Table 3A shows the number of faculty teaching 
undergraduate work in the field of inorganic, organic, 
or physical chemistry to be in a ratio of 2.9:1.3:1. Of 
the total number of teachers of physical chemistry, 


TABLE 3B 
FacuL_ty Loap—Ctass Hours 


Undergraduate teaching Graduate leaching 
No. 
colleges Men 


No. 
Women colleges Men Women 


Average lecture per faculty 
member 

Average laboratory hours per 
faculty member 

Per cent. total lectures taught 
by faculty members 

Per cent. total laboratory 
hours taught by faculty 
members 


168 5.6 5.4 93 


168 9.3 10.0 93 6.0 3.9 


168 85.5 14.5 93 96.0 4.0 


93 94.8 


or 
~) 


168 18.8 
per 
otal 
the 


late 


women comprise 10.7 per cent., in inorganic chemis- 
try they comprise 13 per cent., and in organic 14.8 per 
cent. The figure in organic may be accounted for by 
the inclusion of undergraduate biochemistry and food 
courses under that heading. Although women com- 
prise only ten per cent. of the chemistry faculty and 
teach approximately fifteen per cent. of the under- 
graduate courses, it is of real interest to find that this 
teaching load for women has the same percentage dis- 
tribution in the three branches of chemistry listed as 
that of the men. 

In the graduate teaching, women comprise 17.7 
per cent. of the teachers of biochemistry, 16.5 per cent. 
of the physical, seven per cent. of the inorganic and 
11.1 per cent. of the organic chemistry. The above 


»tal 





nd 
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TABLE 4 
SCHOLARSHIPS 


Average 
sum of 
money 
available 
per 
Student 
per year 


Per cent. open to 
Men Women 
only only 


18.3 
9.4 


No. 


109 
171 


Both 
76.2 
69.0 


5.5 


21.6 


Undergraduate scholarships 
» Graduate scholarships 
Graduate assistantships 


Per cent. held by 
61.3 38.7 
85.3 14.7 
91.3 8.8 


163 
163 
368 


$140 
$407 
$474 


Undergraduate scholarships 
Graduate scholarships 
Graduate assistantships 


results are surprisingly high in physical, unexpectedly 
low in inorganic, but as might be anticipated, high in 
biochemistry. Women faculty teach only twelve per 
5 cent. of the graduate courses. The data indicate that 
the percentage distribution of this portion taught by 
women in the four graduate fields listed is similar to 
that of the men; it is somewhat higher in biochemistry 
and organic and lower in inorganic. 
- In studying the faculty load from the point of view 
of class hours, the data indicate that the undergraduate 
lecture and laboratory load (Table 3B) for women is 





_chemistry, from 80.5 } 
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the same as that for men, whereas in the graduate 
teaching the load is somewhat lighter with a ratio of 
1:1.5. Women teach 14,5 per cent. and 18.8 per cent., 


TABLE 5 


THE AVERAGE REQUIREMENTS FOR A DEGREE IN CHEMISTRYS 
Aierage 
| Average no. of 
\ no. of laboratory 
No. of Average lectures hours Per cent. 
colleges no. of per per of colleges 
offering weeks week week requiring 
General chemistry 407 | 33.0 3.0 4.0 97.8 
Qualitative chemistry 341} 20.0 2.0 6.0 88.2 
Quantitative chemistry * 405[ 26.5 1.8 6.9 95.5 
Organic chemistry 406 | 33.5 $.7 5.4 96.3 
Qualitative organic ) 
chemistry 406 } 17.6 1.3 6.3 17.9 
Physical chemistry 146 f 32.0 2.8 3.9 80.5 
Physics 381 34.5 3.1 3.3 88.5 
No. vof Average no. Per cent. 
collegi:s of clock of colleges 
offering hours per year requiring 
German 170) 197 42.5 
French 81) 168 21.9 
English 37/8 134 94.3 
German 
or 
French 208 41.9 


Mathematics 68.7 per: cent. of the colleges require two years 





5 The author is indebted to the A. C. S. Accrediting Survey for part of 


the above figures. 


i 
respectively, of the total lectures and laboratory hours 


in undergraduate work 
per cent., respectively, 
centage of women direc 
per cent. 

The data on scholar 
per cent. of the undergr 


WoMEN CHEMISTRY MAJORS IN 
Average Average 
no. of no. of 
total women | 
graduates graduates Perce 
per per of wom 
Year college* college gradua 
1934 194 75.0 38.6 
1935 207 80.7 39.( 
1936 206 81.3 39.: 
1937 228 86.2 38. 
1938 223 88.8 39. 
1939 256 87.5 34.5 





6 The number of colleges was 


women as well as men, 


these are held by women. 


and only four per cent. and 5.2 
for graduate work. The per- 
ting research is very small—2.6 


ships indicate that seventy-six 
aduate scholarships are open to 


}TABLE 6 


CO-EDUCATIONAL COLLEGES (1934-1939) 
Average Average 
no. of no. of Per cent 
total women of 
t No. chemistry chemistry women 
n of majors majors chemistry 
es colleges per college per college majors 
66 11.8 1.2 10.2 
68 12.0 1.22 10.2 
69 12.1 1.32 10.1 
70 13.1 1.32 10.1 
64 12.9 1.14 8.9 
63 13.3 1.49 11.2 


but that only 39.7 per cent. of 
The number of scholar- 








ships which are definite 
is small—5.5 per cent. 


y designated for men or women 


and 18.3 per cent., respectively. 


Table 5 gives the ayerage requirements as to lec- 
ture and laboratory hpurs per week for each of the 
chemistry courses listed and the average clock hours 


per college course for’ 


the languages indicated. The 


percentages of the collekes requiring each of the courses 


listed for a degree with 


i 


a major in chemistry range, for 


er cent. for physical to ninety- 


nine per cent. for gener/al chemistry, with the exception 


of 17.9 per cent. for, 
English composition i; 


{ 





qualitative organic chemistry. 
required by 94.3 per cent. of 
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the colleges; twice the number of colleges require 
German (42.5 per cent.) or German or French (41.9 
per cent.) as require French (21.9 per cent.). In the 
case of mathematics, nearly seventy per cent. of the 
colleges require two years‘ of the subject. 

The co-educational colleges show uniform increase 
in the number of total graduates and women graduates 
from 1934 to 1939. The same is true for the chemistry 
graduates, except for a slight decrease in 1938. This 


TABLE 7 
WomeEN CHEMISTRY Mayors IN Women’s COLLEGES (1934-1939) 
Average Average 
Average no. of per cent. 
no. of women of 
No. women No. chemistry women 
of graduates of majors chemistry 
Year colleges per college colleges _ per college majors 
1934 31 94.5 48 5.¢ 5.6 
1935 30 93.8 49 5. 6.1 
1936 30 95.8 49 5. 5.2 
1937 30 87.0 50 8.5 6.0 
1938 31 100.0 49 : 7.8 
1939 31 98.8 42 : 4.1 


uniformity in chemistry graduates over the six-year 
period is of interest and rather surprising. Table 6 
indicates that women make up thirty-nine per cent. 
of the total co-educational graduates but only ten per 
cent. of the chemistry majors. 

The data in Table 7 show that the average number 
of graduates and chemistry majors from women’s col- 
leges during 1934 to 1939 did not vary a significant 
amount except for an increase in 1938. 

Tables 6 and 7 show that the average number of 
women chemistry graduates for the women’s colleges 
compared to that for the co-educational institutions is 


TABLE 8A 
VOCATIONAL PLACEMENT OF WOMEN CHEMISTRY Magjgors (1934-1939) 


Co-educational Total 
colleges 


Women’s 
colleges 
Total 
No. Per cent. No. Per cent. no. Total 
Per cent. of starting field in ber- of per- of  per- per cent. 


vocation sons field sons field sons of field 


24 
0 36 
27 
254 
21 
16 
21 
23 
186 
264 
65 
35 
99 
40 
52 


~ 


Industrial research 16 i. 
Medical research 30 3. 
Industrial technician 20 2. 
Medical technician 229 26. 
Chemical secretary 8 0, 
Chemical librarian 9 1. 
College teaching 20 2 
Leisure 21 2. 
High-school science teacher 111 12. 
Study 200 23. 
Marriage 39 4. 
Miscellaneous chemistry 30s 8, 
Miscellaneous non-chemistry 82 9.£ 
Unemployed 28 3 
Unknown 24 2. 

Total 867 296 1163 
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five to one, despite the fact that the co-educational 
colleges graduate as many women per year as the 
women's colleges. 

The data on vocational placement for women chemis- 
try majors from 1934 through 1938 were arranged to 
show a comparative vocational distribution for wom- 


4 A year equals thirty to thirty-six weeks. 
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en's colleges, for co-educational institutions, and for 
both. They were summarized so as to indicate the vo- 
cational distribution for all the Chemistry graduates 
from 1934 through 1938 for the first year after gradua- 
tion (Table 7A); and to show the vocational distribu- 


TABLE 8B 
VOCATIONAL PLACEMENT OF WOMEN CHEMISTRY Majors (1934-1939) 


Co-educational Total 
colleges 


Women’s 

colleges 
Total 

Per Per per 

No. cent. No. — cent. ; cent, 

Per cent. of 1938 field in per- of ber- of of 

vocation sons field sons field field 
7 
10 
6 
27 
16 
11 
1 
2 


= 
~_ 
oe) 


Industrial research 

Medical research 

Industrial technician 
Medical technician 
Chemical secretary 
Chemical librarian 

College teaching 

Leisure 

High-school science teaching 
Study 

Marriage 

Miscellaneous chemistry 
Miscellaneous non-chemistry 
Unemployed 


Unknown 


36 
99 
44 
52 
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tion for those same graduates after four, three, two, 
and one years out of college (Table 8B). 


There are interesting contrasts between the women’s 


colleges and the co-educational institutions in voca- 
tional placements. One, of significance, is that the 


former place three times as many medical technicians 
at the start and twice as many at the end of the period 
under study as do the latter. The co-educational col- 
leges place twice as many women in high-school teach- 
ing as the women’s colleges, whereas the latter has a 


much higher percentage teaching in colleges (7:1). 
The percentage of graduates undertaking further study 


is the same for both institutions, both at the beginning 
and the end of the period under consideration. The 


data show that the co-educational schools have a higher 
ratio of married alumnae (4:2) the first year after 


graduation which decreases noticeably by the end of 


TABLE 9 


SALARIES OF WOMEN CHEMISTRY Mayors (1934-1939) 
Al start In 1938 
(based on 149 (based on 132 


persons) persons) 
Average Average 
Per cent. salary Percent. salary 
of per of per 


Vocation persons person persons person 


Technician $1056 ; $1583 
High-school science teaching 26.2 1236 25. 1245 
Research 3 1130 21.2 1346 
Miscellaneous non-chemistry i. 1152 5.3 1415 
Chemical secretary 5. 1092 : 1370 
Miscellaneous chemistry a 1770 3. 1595 
Chemistry librarian 2. 1667 3. 1398 
College teaching j 1175 ‘ 1200 
Average $1242 $1384 


the period (4:3); a higher percentage of chemical sec- 
retaries (4.5:1), chemical librarians, and unknowns, 
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all of which do not change significantly during the 
period studied. 


The summary for the vocational fields for women 
chemistry majors after graduation gives a decreasing 
percentage distribution from study (22 per cent.), 
medical technicians (21.8 per cent.), unknown (4.5 
per cent.), to medical research (3.1 per cent.) (Table 
8A). In 1938 the summary has changed, showing a 
marked decrease in medical technicians (14.6 per cent.), 
no change in high-school teaching (16.1 per cent.), 
an expected increase in married alumnae (13.6 per 
cent.), and but little change in the rest of the voca- 
tional groups (Table 8B). 


Many colleges were unable to furnish data concerning 
salaries of chemistry graduates since they do not have 
facilities for securing or recording such information. 
It is regrettable that the data concerning salaries for the 
period under consideration are so meager. This is 
due to the fact that salaries were listed for only thirteen 
per cent. of those who were reported as employed. 
Table 9 shows the average salary per person in the 
eight vocational divisions for the first year after gradua- 
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tion (1934-1938) and jagain at the end of the period 
studied (1938). The beginning salaries are practically 
the same in the vocaticins which have the larger percent- 
ages of people, with thie exception of high-school teach- 
ing whichis higher. Ejy 1938 the average salaries in the 
vocations cited ‘acvenabe from $216 for research workers 
to $527 for techniciaiis, with the exception of high- 
school teachers who received no increase. The salary 
increase over the period studied averaged $142 per 
person. | 

The results of the jurvey concerning the Training 
and Placement of Wonjien indicates that: (1) Women 
are taking active althjugh comparatively small part 
in the training of cheihistry graduates; (2) As many 
scholarships, undergrailuate or graduate, are open to 
women as men; (3) fhe average requirements for a 
chemistry major offer s4tisfactory training; (4) Women 
have a very definite injerest in chemistry as shown by 
the registration figures; (5) Women with chemical 
training find positions chiefly in the medical field, high- 
school teaching, researgh, and the non-chemical; (6) 
It is gratifying to note| ithat the percentage of unem- 
ployed is small. 








WOMEN CHEMISTS in INDUSTRY 


W. S. LANDIS | 


American Cyanamid Company, New York City 


AST Spring The Institute of Women’s Professional 
Relations were hosts at Connecticut College, 
New London, Connecticut, to a group of educa- 
tors, where the problem of the women chemists was 
the subject of the discussion. At that meeting I pre- 
sented a paper dealing frankly with certain phases of 
industrial employment of women chemists. Specifi- 
cally my argument was limited to a discussion of the 
ceiling which apparently exists in industry through 
which women chemists seem to have great difficulty in 
rising in their chosen profession. I have been asked to 
repeat the substance of that informal presentation at 
this meeting, but instead I shall approach the subject 
on somewhat broader lines. 

In the first place it must be recognized that severe 
competition exists in the chemical industry and this 
competition bears equally heavily on employment. 
Women must recognize that they are competing for 
jobs with men and must be prepared to deliver equiva- 
lent service in every position open to them. 


* Contribution to the Symposium on Training and Opportuni- 
ties for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety- eighth meeting of the A. C. S., 
Boston, Mass., September 14, 1939. 


It must be recognized also that while corporations 
are essentially not sex-mincled since their offices are 
filled with women, nevertheltss there is some prejudice 
against employment of wome\ in certain types of chemi- 
cal work. For example, while|personally I see no sound 
reason why such prejudice shuld exist, nevertheless it 
must be recognized that for pertain types of factory 
work and probably also for <ill chemical engineering, 
women will find it difficult to\break through the bar- 
riers more or less arbitrarily ejected around the engi- 
neering office and the plant. 

Returning to the question of tompetition, it must be 
recognized that the chemical industry does not offer 


ten years there has probably beer\ a somewhat better 
balance between the graduate anc the positions open 
in the chemical industry than in soifpe of the other pro- 
fessions. Fortunately, institutions )f higher education 
are beginning to recognize this balalice, and real steps 
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are being taken to correct the situation. This corrective 
attitude undoubtedly will spread throughout the better 
grade schools, and quality of product is bound to con- 
quer the quantity idea. I look for profound changes in 
professional education, both in engineering and in 
chemistry, over the next decade or two that will be of 
major importance in controlling the problem of supply. 

Women must recognize this competitive situation. 
They must prepare for this competition by receiving 
equality in education under like educational standards. 
I might as well prepare myself for argument by stating 
as a fundamental principle that I believe the woman 
chemist intending to enter industry should prepare her- 
self in co-educational schools and should attend co- 
educational colleges and universities. The women’s 
colleges, in my opinion, are not yet equipped for this 
service. This is no criticism of the women’s colleges. 
It must be remembered that a very large proportion of 
their graduates will not go into industrial work—in 
fact, statistics show that a large majority of their 
graduates marry relatively early and never intend to 
enter competitive industrial service. It, therefore, is 
not logical for them to specifically cater to a very small 
minority likely to make chemistry their life-work. The 
better education for these two different fields diverges 
widely and except in very large institutions it would be 
a poor balance of endeavor to adjust the two educa- 
tional systems and provide facilities for the very limited 
chemical group equal to those found in the co-educa- 
tional schools. Perhaps time may change this situation. 

In my analysis of our problem I found no physical or 
physiological handicaps that interfered with employ- 
ment of women in industry. The professional chemist 
is rarely called upon for feats of strength or endurance. 

On the other hand, leaving out of our argument any 
consideration of prejudice, and for the very good reason 
that prejudice always has existed and women have 
broken it down suecessfully in many directions, there 
were real objections from two important angles—educa- 
tional and psychological. I again repeat that educa- 
tional facilities must be equivalent for the two sexes. 
This can be acquired in the co-educational school as 
far as the school period is concerned. Unfortunately, 
however, there is one phase of educational work that 
institutions of higher education do not stress and for 
the very good reason that this particular training is 
assumed. I refer here to the subject of mechanical 
ingenuity. It is of immense value to the chemist, 
particularly in industrial work. Our boys are brought 
up from infancy in contact with mechanical toys. They 
acquire certain skill and understanding through contact 
with mechanism. The elementary schools provide for 
further development in the mechanical training courses. 
If the woman chemist, therefore, is to compete with the 
male, somewhat similar environment and training must 
be provided. Inasmuch as the vocation of the infant 
is not yet determinable, this offers a real problem and 
one which in my opinion can only be solved by intensive 
training and contact at a somewhat late stage in the 
life of the woman. She will have to acquire this training 
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in her active educational period by specially developed 
instruction to make up for the lapse in her earlier in- 
fancy. 

Of far more importance is the psychological aspect 
of the problem. In the first place the chemist like the 
engineer demands a directive imagination. The subject 
is too complex to approach from any but a narrowed 
vision. In general the higher education of women 
naturally has developed in the reverse direction since 
it was not formulated with the primary idea of a pro- 
fessional career. As a matter of fact so few entered 
professional life that it would have been fundamentally 
wrong to have followed any other program. However, 
today we are dealing only with this professional future, 
and it is extremely important that this directional 
imagination be properly considered by the directors of 
our institutions of learning and the utmost endeavor be 
used to develop such. 

The woman chemist requires a very considerable 
amount of aggressiveness if she is to succeed in this 
competitive world. She starts with a handicap, as 
touched upon briefly above. This must be overcome 
before she attains parity with the male. I do not mean 
by this the aggressiveness that means eternally crying 
for the moon. That gets one nowhere in our industry. 
I mean the aggressiveness of attacking the problems con- 
fronting her, of always being ahead of the immediate 
day’s work, of doing more than the boss demands, and 
in asserting clearly her principles and ideas which she 
believes would contribute tothe welfare of the institu- 
tion employing her. Professional women have told me 
frequently that they realize their sex is afraid to stick 
out their necks for fear they will receive a bump. They 
must reconcile themselves to the fact that this neck will 
have to be stuck. out until it becomes as rough as that 
of the male who is competing for the advanced position. 

There is no question about it in my opinion that 
women do not work as well together as men. I have been 
told repeatedly that women hate to work for women 
bosses. I have experienced repeatedly situations where 
the most petty of personal matters have been interjected 
into corporate routine where women are concerned. I 
am inclined somewhat to believe that they do not play 
quite as fair with each other as the men do. I know I 
am going to be attacked for this, but in thirty years’ 
experience in industry I think the balance favors some- 
what the men. I know there are always male trouble- 
makers in any organization, but I do not think they are 
as prevalent, and certainly not quite so much in the small 
matters, as with women. I think the co-educational 
institution tends to dissipate this unfortunate quality 
to a much greater degree than do the women’s colleges. 
However, it is a matter in which the psychology depart- 
ments of any institution can render effective corrective 
assistance. 

One of the greatest handicaps to the employment of 
women in the higher places in the chemical industry 
has been the doubtful tenure of service. We can protect 
ourselves by competitive bidding against the loss of our 
personnel. We can insure ourselves against natural 
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losses through age or death because we have something 
of an actuarial basis. We cannot insure ourselves 
against emotion, for no one has solved that particular 
equation. I refer here to the possibility of loss through 
marriage. I have some very interesting examples of the 
critical situation brought about in a number of cases by 
sudden resignation through this cause. It does place 
an unfortunate handicap on women and is at the basis 
of much prejudice to their employment in positions 
which normally lead to promotion into the higher 
offices. 

About the only solution of this problem that industry 
has is to retain the woman employe in a more or less 
routine character of service until she is well across the 
peak of the age-marriage rate curve. A statistical 
study of a number of cases of successful women, both 
professional and business, shows some other interesting 
influences of the marital status of the individual. The 
subject matter is too complicated to present here in the 
brief time. I recommend anyone interested to study 
these figures in detail. 

Women chemists have made an excellent place for 
themselves in certain lines of chemical work. They 
lend themselves to delicate manipulation in microscopy 
and micro-analysis. They are equal in rank with the 
male in biological chemistry and in the more routine 
quantitative laboratories. They perform excellently in 
the combining and synthesizing laboratories. Then, 
there are the allied services of library research and 
secretarial work. 


The patent department seems to be a field in which 


they should exploit their capabilities to a greater ex- 
tent. There are some handicaps thrown in ithe way 
of Progress in this field, but, after all, life is only a 
series of jumping hurdles, and they must oman Pn art. 
If I may sum up this brief essay it would bl to the 
effect that women intending to pursue a program of 
lifework in the profession of chemistry must; equip 
themselves with a fundamental education at least equal 
to that of their competitor, the male. This can\be ac- 
complished preferably in the co-educational instijution. 
They must be taught to discard certain characteristics 
that at least are ascribed to the sex and must cor\vince 
the employer, be it right or wrong, that they are f ee of 
these deficiencies. The educational institution can go 
a long way in aiding in this direction. i 
They must command aggressiveness, at least tw the 
degree that they can demonstrate that they are asjable 
as their competitior for the higher positions. They 
must show their serious intentions by continuous study 
and reading. They must push the interfering male ‘out 
of the way and perform their assigned tasks themselves, 
irrespective of kind and character. If apparatus is\ to 
be set up, they must do it themselves, at the expense| of 
offending the boy friend who persists in butting in. | 
They must remember that their job is a competitive 
one; that it has cost the employer a lot of money to 
educate them, and that they owe to him loyalty of 
service; and that every case of deliberate resignation 
based on mere emotion, means a black listing of the en- 
tire sex in the profession. The golden rule still holy 
in industrial service, and it is not sex-minded. 





TRAINING and OPPORTUNITIES | 
for WOMEN in CHEMISTRY 


H. C. SHERMAN 


Columbia University, New York City 


ITH the growing prominence of chemistry in 

life and thought, it is proper that chemistry 

should be taught to an ever-increasing number 
of students as part of their general education. But it 
does not follow that there will be a corresponding 
growth in the number of desirable professional oppor- 
tunities in chemistry. The wide publicity given to 
chemistry during and since the World War has probably 
somewhat overstimulated the ambitions of colleges and 
universities to produce chemists, so that now, so far 
as numbers are concerned the supply seems to have 
caught up with the demand. From now on we should 


1 Contribution to the Symposium on Training and Opportuni- 
ties for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety-eighth ne of the A. C.S., 
Boston, Mass., September 14, 1939. 


emphasize the fact that the demand is not for more, 
but for better, chemists. Out of the large body of stu- 
dents who take chemistry and like it, only the few 
who combine ability with earnestness of purpose in 
the highest degree should be encouraged to aspire to 
professional careers in chemistry. 

Assuming that among these rigorously selected candi- 
dates for entry to our profession there will be both young 
men and young women, should there be any differentia- 
tion in their training in the light of what we can judge 
as to their probable professional opportunities? Rela- 
tively little, I think; but still, this little may help. 

If, then, we take the title of this symposium as a 
challenge to think of chemical training in the light of 
the opportunities to which such training may lead, the 
training-problem presents a threefold aspect. 
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First, the chemist-in-training should be given a firm 
grasp of those ‘‘tool’’ facts and methods that are most 
used in the kinds of jobs upon which the beginning 
chemist is apt to be employed. This is important to the 
securing of the first opportunity; and efficiency in one’s 
first job has much influence upon the attainment of 
higher responsibility and more interesting opportunities. 
But the attainment of the higher opportunity will prob- 
ably, and one’s success in it will almost certainly, depend 
also upon: 

Second, such thorough and up-to-date training in 
chemical theory, and the supporting physics and mathe- 
matics, as to constitute a strong foundation for work 
of a more theoretical character than is usual in begin- 
ners’ jobs. Hence the same kind of first job may be a 
stepping-stone to the chemist with advanced training, 
while to one with only elementary or descriptive 
training it may be a “blind alley.”’ In some cases an 
alternative to the more advanced theoretical training, 
but preferably in addition to it, is: 

Third, the broadening courses which may be made 
available to the student either as chemical electives 
or as minor subjects. By widening the chemist’s 
horizon, this aspect of training helps greatly in the de- 
velopment of that resourcefulness, breadth of view, and 
appreciation of economic relationships which were so 
greatly emphasized by the industrialists when they were 
recently asked to tell what industry wants of its chem- 
ists;? and it also helps the development within the mind 
of the chemist of that far-reaching appreciation of 
scientific interrelationships and human significances 
which enrich the meaning of work to the worker, and 
make him or her a more effective teacher, or a more in- 
fluential worker in the world of affairs. 

It is in this third part of the training of a chemist, the 
choice of broadening electives or minor subjects, that 
we find most reason for differentiation in the training 
of women chemists. 

In terms of “‘subjects’’ as offered in college or uni- 
versity, engineering is a better bet as a minor for the 
man chemist; and home economics is a better bet as a 
minor for a woman chemist. Of course, the student 
whose major is chemistry cannot learn all of engineering 
or of home economics in the time available for minor 
training; but he may be able to learn enough of the 
one or the other to have an appreciable effect in widen- 
ing the field in which to look for a professional career. 

If we would be fair to our students, we must teach 
them that their opportunities to do chemical work may 
not always be labeled with chemistry titles: the in- 

dustrial chemist’s job may be entitled, for instance, 
production engineer; and the woman chemist’s job may 
be entitled professor of home economics or expert in 
nutrition research. We may regret the tendency of 
administrative officers both of industrial and of research 
organizations to depart from the title of chemist when 
they broaden the scope of a chemical job, but for the 
near future, at least, the most we can do about it is to 
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educate first ourselves and then our students to the 
fact that opportunities in chemistry often bear other than 
chemical titles and that such elective and minor courses 
as will broaden the chemist’s horizon and give some- 
thing of the point of view of related subjects or of 
economic applications may be very helpful both in get- 
ting a job and in winning promotion to a highly inter- 
esting and responsible position. 

Chemistry touches the world of affairs at so many 
points that an attempt to name and evaluate such op- 
portunities could never be complete and might easily 
be misleading, for within five years some lines now new 
may have filled up and settled down and new lines may 
have been developed. Hence in advising the present- 
day student, we ought (I think) to emphasize general 
trends rather than particular instances. Moreover, my 
individual réle today calls for discussion of present trends 
rather than statistics of past performances. And while 
it may be difficult to define or explain with entire clarity, 
there undoubtedly is a trend in the world of affairs 
which will mean somewhat different handicapping of 
men and women in their competition for some, not all, 
professional opportunities in applied chemistry. When 
business economics wants the services of chemistry to 
promote its established products or to develop new ones, 
the employer is apt to believe that it isn’t just tradition 
but sound business sense or psychological probability 
that favors a man for an engineering or heavy-chemical 
enterprise which sells its product to other business men; 
and that it is just as sound business sense to anticipate 
an advantage from the services of a woman in develop- 
ing chemical projects in the field of consumption eco- 
nomics. For here the products are ‘‘consumers’ goods” 
and are bought much more largely by women than by 
men, because women are the chief buyers of goods for 
household consumption, whether for private families, 
for the rapidly growing numbers of public eating places 
of various types, for institutional households, and for 
social service agencies of many kinds. And this trend 
is in some measure supported by the fact that consump- 
tion economics is making increased use of the guidance 
of chemistry and related sciences. This trend is cer- 
tainly not spectacular and perhaps not yet very strong; 
but is probably growing in importance. Until recently 
a distinguished economist could talk in the same way 
as twenty-five years ago about “‘the backward art of 
spending money’’: the idea being that production 
economics was efficient because of the firm guidance of 
the exact sciences, physics and chemistry, whereas con- 
sumption economics was inefficiently groping in the 
dark, awaiting the time when guidance might come 
from such inexact sciences as sociology and psychology. 
Just at present, however, this picture of consump- 
tion economics is being changed through developments 
in chemistry which have made it a more effective guide 
for the use of economic resources in the interest of effi- 
cient and satisfactory living. 

In this general region, the particular area of which 
I can best speak from the experience of my own stu- 
dents is the chemistry of food and nutrition. Recent 
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gid current successes of chemistry in solving food and 
gutrition problems and in guiding social-economics and 
gme of the industries which make or market consumer- 
goods, tend to bring new opportunities alike in teaching, 
in pure research, and in the world of affairs. Many of 
these opportunities are open equally to men and 
women; for some positions men are preferred; for other 
positions there is quite as definite a preference for 
women. The preference for women is most frequent in 
the positions which are administratively classified with 
home economics. Whether the official title of the posi- 
tion reads chemistry, or nutrition, or home economics, 
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or food economics often makes little if any difference to 
the actual opportunity which the job affords. 
The same recent developments in chemistry are 


(probably, but not at all dramatically!) increasing the 


opportunities for chemical teaching in the secondary 
schools, partly through increased registration in chem- 
istry courses, and partly in that general science courses 
and foods courses are becoming more chemical in their 
subject matter. 

I have tried to keep this paper short enough to leave 
time for full discussion, and I shall welcome questions 
or other comments. 





OPPORTUNITIES for WOMEN 
as RESEARCH BIBLIOGRAPHERS' 


F. W. ADAMS? 


Mellon Institute of Industrial Research, University of Pittsburgh, Pittsburgh, Pennsylvania 


There is a definite need for research bibliographers in 
industry. A growing appreciation of bibliographic work 
as an adjunct of industrial research is evident. Work 
along this line is interesting, particularly because its 
future holds possibilities for creative thinking and growth 
of the individual in analyzing and applying to industry 
the research results available in the literature. The ac- 
complishments in work of this nature increase as the ex- 
perience of the individual grows. The opportunities for 
women as research bibliographers are present for those who 
seriously wish to pursue an industrial career. Tempera- 
mentally, women are well equipped to undertake such work 
and should be superior to men in carrying tt out. 


++ +e + + + 


EFORE outlining the opportunities which exist 
for women as research bibliographers, it will be 
well to define the meaning which attaches to this 

title. The dictionary definition of bibliographer, as one 
who is versed in the history of books or the preparation 
of lists of books relating to a given subject, is inadequate 
to describe the functions of such a person in the sense 
discussed here. A research bibliographer may be de- 
fined as one who critically extracts from the literature 
information which is of value in the pursuit of research. 
Such a person must be a student of the literature, whose 
special technical knowledge and experience facilitates 
the application of the literature to creative endeavor. 

1 Contribution to the Symposium on Training and Opportuni- 
ties for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety-eighth meeting of the A. C. S., 


Boston, Mass., September 14, 1939. 
2 Senior Industrial Fellow, Mellon Institute. 


Many persons do not appreciate the difference be- 
tween a bibliographer and a librarian. There is as much 
difference in their functions as in those of a secretary 
and a filing clerk. Librarians perform the valuable serv- 
ice of maintaining a library in a position where its 
books are readily available to the reader, and they fre- 
quently assist the reader to find the material for which 
he is searching. This has naturally led to the prepara- 
tion by a few inspired librarians of lists of references 
bearing on specific subjects, which are defined as 
bibliographies. In special libraries, this experience can 
be developed to a point where the librarian who has a 
technical background becomes familiar with the subject 
matter of the bibliography and can prepare a critical 
bibliography. At about this point he has entered the 
border zone between a librarian and a bibliographer. 
Beyond this point the opportunities for productive 
effort are enormous, and it is in this field that the re- 
search bibliographer works. 

Let us digress for a moment to discuss the work of the 
industrial laboratory researcher. At the start of a new 
assignment he busies himself with becoming familiar 
with the literature pertinent to his problem, using it as 
a springboard with which to throw himself toward his 
goal. Because of his training in laboratory technic, 
he generally turns to the laboratory as quickly as pos- 
sible, giving only sufficient attention to the literature 
to assure himself that the work has not been previously 
carried out by some one else. If the answer is not al- 
ready in the literature, laboratory work is carried on to 
get the desired results. Meanwhile, he keeps in con- 
stant touch with current literature to take advantage 
of any assistance it may render him. At the completion 
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of the laboratory stage, he may carry the results into 
commercial development or pass them on to a develop- 
ment organization. 

With this background we shall proceed to describe 
the functions of a research bibliographer in an industrial 
research organization. The research bibliographer must 
be familiar with laboratory technic, but his major in- 
terest should lie in extracting from the literature ideas 
and information which are available for the taking. 
His efforts should supplement and, to an extent, re- 
place those of the laboratory researcher. 

Industrial research demands a flexibility of action to 
accommodate itself to the development of new ma- 
terials and articles as existing ones become obsolete. A 
broad knowledge of the literature of chemistry, physics, 
and other exact sciences enables a versatile research 
organization to enter new fields quickly before their 
latent opportunities are generally appreciated. While 
each research worker may be expected to keep up-to- 
date on the literature in his special field, the amount of 
time he will devote to reading is small. An appreciable 
amount of his reading time is spent in going through 
abstract journals in sections outside of his special field, 
unless this material has been sorted out for him. 

An important function of the research bibliographer 
is to provide the mechanism for obtaining a broad 
coverage of the literature at the same time that publica- 
tions in special fields are called to the attention of in- 
dividual research workers. Items of general interest to 
group supervisors, research directors and management 
are discovered simultaneously and passed on to the 
proper parties. This intelligence service is of especial 
value in bringing new ideas and developments to the 
attention of those persons most directly concerned 
in the shortest possible time. This is more readily ac- 
complished if a definite responsibility is placed on one 
person than if it is everybody’s business, hence no one’s 
responsibility. The research bibliographer must be 
completely familiar with the research interests of those 
with whom he codéperates and must have a general back- 
ground of company operations and products. These 
he acquires by attending research conferences, by indi- 
vidual contacts in the laboratory and plant, and by 
reading research reports as they issue. Reading must 
be directed to cover the interests of the research organi- 
zation without going into too much detail. Detailed 
reading of pertinent information should be done by the 
research worker. The research bibliographer separates 
the chaff from the wheat and passes the grain on to the 
research worker for study. This is particularly valuable 
in covering the patent and abstract literature as well as 
general literature. With a large research organization, 
eliminating the duplication of ineffective browsing by 
various men gives all an opportunity to read and study 
publications of value which have been called to their 
attention. 

Being informed on the technical literature pertaining 
to an industry is one of the prime functions of a research 
bibliographer. But being informed on a subject is of 
meager value compared to being able to utilize this in- 
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formation. Many of us are familiar with the outstand. 
ing commercial success of certain organizations, which 
have made useful to the world ideas which were pre. 
viously confined to the literature. This reduction to 
practice is essential to the fruition of invention. While 
work of this nature has been frequently deprecated by 
the research worker or inventor, partly because of envy, 
I can think of nothing more commendable than creative 
endeavor, whether it be in the conception of an idea, 
its investigation, or its utilization. The opportunity of 
the research bibliographer in applying the research of 
others to practical use, instead of allowing it to con- 
tinue a mere philosophical addition to the literature, is 
practically unlimited. Many applications of basic in. 
formation are overlooked by the research worker who 
lacks industrial perspective. These applications are 
obvious to one who is well informed in a special field and 
of a practical turn of mind. Frequently ideas developed 
in one field may be adapted to development in entirely 
unrelated fields. The accomplishments in work of this 
nature increase as the experience of the individual 
grows, so that it may be expected that the research 
bibliographer will be an increasingly fruitful source of 
new ideas, patent applications, new processes, and new 
products. 

It frequently occurs that a survey of existing knowl- 
edge along some particular line is required to guide or 
formulate a research program, before it becomes evident 
that laboratory work should be carried out. The tech- 
nic and experience of the research bibliographer become 
of valuable assistance in such an undertaking. His 
broad viewpoint permits a close approach to the sub- 
ject, without being distracted by its details. His ac- 
cumulated knowledge of sources of reference facilitates 
a rapid and accurate approach to the desired informa- 
tion. Other surveys, somewhat outside the strictly 
technical field, but required in making decisionsof policy, 
may also be handled to advantage by the research bib- 
liographer. 

Assistance to the research worker in reviewing the 
foreign literature is another important function of the 
research bibliographer. The average research man 
gropes his way through foreign language articles with 
considerable difficulty, frequently to find that they are 
interesting but irrelevant. A cursory reading by an ac- 
complished linguist, skilled in technical matters, permits 
a ready selection of pertinent material. Furthermore, a 
good abstract, supplemented by tables of data and re- 
sults, is generally of more value to the research worker 
and easier to prepare than a complete translation. 

A review of the important functions of a research 
bibliographer will emphasize the need of industry for 
such a specialist. These functions include 


(1) A broad, critical coverage of the technical 
literature to assist: 


(a) The laboratory research worker 
(b) The research director 

(c) The patent attorney 

(d) Management 
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(2) Contribution of ideas and information to active 

research projects 

(3) Providing speedy contact with newly published 

ideas and developments 

(4) More extensive utilization of published results of 

research 

(5) Development of new ideas from the available 

literature 

(6) Preparation of critical surveys 

(7) Critical reading of foreign publications 

Appreciation by industry of its need for the research 
bibliographer is developing gradually. The economy of 
avoiding duplication is immediately apparent to man- 
agement, but the simultaneous increase in the amount 
of useful literature studied by the research worker is 
probably of even greater value, although more difficult 
to define. The opportunities for creative reading are 
great, as may be seen by reviewing the history of certain 
successful enterprises founded on this type of work. 
To sell industry on its need for research bibliographers, 
the research bibliographer himself must have a creative, 
productive attitude as well as the initiative and tech- 
nical qualifications for this work. 

The training and experience required by the research 
bibliographer are extensive and exacting. While I do 
not wish to set up specifications for such employment, 
itis desirable to point out some of the basic qualifica- 
tions. Extended study in chemistry, physics, including 
laboratory research of the caliber of a doctor’s thesis, 
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supplemented by an easy reading knowledge of at 
least French and German are absolutely essential. 
Subsequent and varied experience in teaching advanced 
chemistry or physics to develop a more mature view- 
point is also desirable. An active interest in reading, 
an analytical mind, a critical attitude, and a love for 
creative thinking complete the special qualifications 
for starting on such a venture. Desirable personality 
traits include fairness, sincerity, open-mindedness, 
energy, perseverance, a sensitivity to human traits and 
reactions, and the ability to make decisions and to 
realize and exercise responsibility without undue strain. 

As pointed out above, the value of the research bib- 
liographer increases with his experience and familiar- 
ity with the industry and company in which he is en- 
gaged. Asmall turnover is essential, therefore, and only 
those who are definitely interested in an industrial 
career should be encouraged to enter upon this work. 
Men who develop experience in such a position are 
generally transferred to supervisory work in production 
or research before they reach their greatest value as re- 
search bibliographers. 

Since comparable positions in production and re- 
search are not generally available to women, their 
careers as research bibliographers will not be inter- 
rupted in this way. Hence, women are to be preferred 
to men for such work. Furthermore, women are tem- 
peramentally well equipped to undertake such work 
and should be superior to men in carrying it out. 





OPPORTUNITIES for WOMEN 
CHEMISTS wn» WASHINGTON 


RUBY K. WORNER 


National Bureau of Standards, Washington, D. C. 


HEN this title was selected, I had it in mind to 
assume the rdéle of the inquiring reporter and to 
visit women at work and also those who have 
had experience in placing and observing women chem- 
j ists in Washington. I happened to meet Mr. Boutell, 
who is in charge of our Information Section at the 
National Bureau of Standards and who generally 
knows the answers, so I asked him what he thought of 
opportunities for women chemists in Washington. 
“Well,” he smiled, ‘“‘I have heard that the women so far 
outnumber the men here that they don’t have many 
opportunities.” 
However, an examination of the situation indicates 
that this bit of logic may not be applicable to women 
chemists. 


1 Contribution to the Symposium on Training and Opportuni- 
ties for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety-eighth meeting of the A. C. S., 
Boston, Mass., September 14, 1939. 


Let us consider first the various positions in Washing- 
ton that require chemical training. The different 
Government agencies employ the largest number, and 
these will be discussed more particularly. Since 
Washington has certain unique advantages, there is 
considerable variety in the other agencies that employ 
chemists. The Geophysical Laboratory of the Car- 
negie Institution of Washington is here. A number of 
trade associations have offices and some laboratories, for 
example, the Institute of Paint and Varnish Manufac- 
turers and the National Association Institute of Dyeing 
and Cleaning. Editorial offices of some of the scien- 
tific journals, such as Industrial and Engineering Chem- 
istry, Journal of the American Pharmaceutical Asso- 
ciation, and Science Service are located here. Some 
business concerns and patent lawyers station chemists 
here to do library research. There is more than the 
usual number of opportunities for teaching in colleges as 
well as in secondary schools, for in and near Washington 
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are American University, Catholic University, George 
Washington University, Georgetown University, the 
University of Maryland, and others. Codéperative 
researches with industry are invited by some of the 
Government departments; for example, at the Na- 
tional Bureau of Standards there is a research associate 
plan which operates somewhat similar to that at the 
Mellon Institute of Industrial Research. A large num- 
ber of organizations have taken advantage of this plan, 
including the American Association of Textile Chemists 
and Colorists, the American Petroleum Institute, and 
more recently, the Textile Foundation. 

In the Federal service, practically every type of 
chemistry is utilized. According to the latest classi- 
fied list of members of the Chemical Society of Wash- 
ington, the majority of chemists in the classified service 
are employed in six of the major departments of which 
Agriculture and Commerce lead in numbers. It would 
only be confusing to name the twenty-seven or more 
bureaus represented, but you will be interested in know- 
ing that women chemists are working in the Bureaus of 
Animal Industry, Chemistry and Soils, Dairy Industry, 
Home Economics, and Food and Drug Administration 
in the Department of Agriculture; in the National 
Bureau of Standards, the Geological Survey, the Na- 
tional Institute of Health, and the United States Na- 
tional Museum. There are probably others, but it is 
difficult to obtain complete figures. 

In all the Bureaus mentioned, the men far out- 
number the women, with the exception of the Bureau of 
Home Economics. The Chief of this Bureau is Dr. 
Louise Stanley, who is a chemist, as are also the heads 
of the nutrition and textile divisions. In the Bureau of 
Home Economics, women are definitely given a break, 
for the Bureau is practically ‘‘manned” throughout by 
women. Moreover, the history of this Bureau shows 
the ability of women to work together, which is con- 
trary to Dr. Landis’ contention. 

Some of you are probably wondering how one gets a 
position in the Government. With the exception of 
establishments outside the competitive classified serv- 
ice, all positions in the Federal Government are ob- 
tained through Civil Service examinations. Tech- 
nically speaking, there are no provisions discriminating 
against women in the laws and rules governing the 
Federal Service. Moreover, the regulations of the 
Commission provide for ‘‘equal compensation irrespec- 
tive of sex.” Examinations for positions paying an 
annual salary of $2600 or less are designated ‘“‘as- 
sembled” and require the applicant to take a written 
examination on subject matter appropriate for the posi- 
tion to be filled. Although similar examinations may 
be held for positions paying higher salaries, these ex- 
aminations are usually ‘‘unassembled’’ and require 
the applicant to furnish information on his training and 
experience and to submit lists of publications. The 
rating of the applicants by the Commission is based on 
the grade received in the examination, although credit is 
also given for military preference. When an opening 
in any agency occurs, the three highest applicants on 
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the appropriate register are certified to the agency 
which is then free to choose among them. In asking 
for certifications, the agency may specify if men or 
women are preferred. 

Advance notices of these examinations are posted in 
first and second class post offices and are published jn 
appropriate journals. Any person interested in g 
particular examination may file a card with the Com. 
mission and then receive direct notification when the 
examination is given. 

And now, a little about the training required for 
Government service. As stated above, practically 
every type of chemistry is required in some part of the 
service, so the best training will depend upon the par- 
ticular job to be filled. In general, however, it may be 
stated that for the sub-professional grades which pay 
salaries from $1020 to $2000, a college degree is not 
required, whereas one is necessary for the professional 
grades which pay $2000 and up. However, large 
numbers apply for these examinations: for example, 
4495 applied for the last Junior Chemist’s examination; 
1945 the Assistant Chemist’s; and 1246 the Associate 
Chemist’s examinations. Thus, competition is keen, 
so usually it is the person with a college degree who 
gets the job in the sub-professional class, whereas a 
Ph.D. is a definite asset in even the lower professional 
grades. In addition to sound chemical training, a 
knowledge of physics, mathematics, statistics, English, 
and foreign languages may come in handy. Other 
branches of science, art, and literature may also be 
helpful. In addition, the personality and appearance 
of the applicant, which cannot always be evaluated, 
are important, particularly in regard to advancement. 

Assuming a woman obtains a position in the Govern- 
ment, what are her chances for advancement? From 
personal observations and discussion with others, it 
appears that women are rather less likely to advance in 
the service than are men, assuming equal ability and 
application. There seem to be a number of reasons 
for this. There is always the economic reason, that 
man is the head of the household and, therefore, the 
support of a family. But it is not generally recog- 
nized that women often have similar responsibilities 
and that not all men are supporting families. Women 
are more readily accepted in positions of a routine or 
assistant nature and may not have an opportunity to 
develop or exhibit their executive abilities. There is 
also the difficulty of reallocating positions to higher 
grades after they are once fixed. There are still men 
who object to working on an equal basis or under 
women. It is possible that some of these men could 
have their minds changed by appropriate circumstances. 
In general, it is true that women are not as adept at 
creating and repairing equipment as men, largely be- 
cause they have not been trained in that direction. 
Most of them were playing with dolls and toy baking 
sets, while their brothers hammered and sawed, or took 
the family ‘Lizzie’ apart. But this creative ability 
can be developed or compensated for in other qualifica- 
tions. 
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One gentleman who is in an excellent position to ob- 
serve women in the Federal service said that he felt 
the greatest need among the women was organization; 
that, at present, they do not properly appreciate or 
evaluate their capabilities and consequently do not re- 
ceive the recognition they deserve. 

In this connection, you will be interested in Miss 
Ruth O’Brien’s opinion expressed last spring before 
the Institute of Women’s Professional Relations. As 
you probably all know, Miss O’Brien is in charge of the 
Division of Textiles and Clothing in the Bureau of 
Home Economics. 

“The general feeling seems to prevail that women 
scientists have little chance of appointment in the 
Government service. True, the older bureaus have 
apparently not looked with favor upon the ladies as 
desirable workers in other than stenographic and cleri- 
cal positions. However, as a representative of one of 
the newer bureaus and one which follows the general 
policy of employing women where qualified ones are 
available, I am more impressed by the indifference of 
women scientists to the Civil Service announcements 
than by the indifference of appointing officers to 
women’s professional qualifications. Time and time 
again we call for certification of eligible women for 
positions and either receive the reply that none are on 
the present rolls, or the names certified are women who 
have rated so low that they are obviously uadesirable. 
Granted that the number of openings is not over- 
whelmingly large, there are positions available for 
women who have the energy to watch for the announce- 
ments and take the examination.” 


In general, it appears to be much easier for women to 
enter the service in a higher classification than to ad- 
vance from a lower grade to a higher one. 

As regards the relative number of women chemists in 
Washington, it is difficult to give exact figures without 
making an exhaustive survey and study of individual 
cases. Some positions in applied chemistry might be 
overlooked for they use other titles than ‘“‘chemist.” 
So far as I know, unless it has been done by the Insti- 
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tute of Women’s Professional Relations, complete 
data have not been compiled. Among the avail- 
able data, it is interesting to note that according to the 
records of the Secretary of the Chemical Society of 
Washington, the total membership of six hundred eighty 
includes forty-five women. At the National Bureau of 
Standards, there are seven women chemists and one 
hundred twenty-three men. Data obtained last spring 
by Miss O’Brien showed thirty women chemists among 
two hundred sixty-five professional women in the De- 
partment of Agriculture. Undoubtedly some of the 
rest of the two hundred sixty-five might have been in- 
cluded from the standpoint of “‘applied chemistry.” 
In the Bureau of Home Economics, there were six- 
teen chemists, all women; in the Bureau of Chemistry 
and Soils, five of the one hundred fifty chemists were 
women; in the National Institute of Health, there were 
five women chemists, but there were also twenty-five 
other women scientists, most of whom probably use some 
chemistry in their work. 

It is evident, then, that with the exception of the Bu- 
reau of Home Economics, there are relatively few 
women chemists in the Federal service. One might 
conclude from this that the opportunities for women are 
also few, or at least very limited. However, the 
scattering of women in the various agencies might 
lead to the more optimistic view that women are just 
beginning to show their abilities and to be accepted in 
this field; hence the future potential opportunities are 
limitless. For the present, unless there is some very 
real change, I should not like to encourage anyone 
entering this field if she expects rapid advancement in 
it; but the experience to be gained in Federal service 
may make her more valuable elsewhere. It is not 
easy to get in; but, once in, Washington offers unusu- 
ally fine opportunity for study and development, for 
recreation, for general culture, and for seeing first-hand 
some of those who are making history. The Govern- 
ment makes generous provision for annual leave, sick- 
ness, and retirement; and there may be more security 
in a Government position than in industry. For many, 
these other opportunities are ample compensation. 





EXPERIENCES wn the FIELD 
of MERCHANDISE CONTROL 


ELIZABETH S. WEIRICK? 


Sears, Roebuck and Company, Chicago, Illinois 


Y WORK concerns the control of merchandise, 
the consumer goods to which Dr. Sherman 
referred a few minutes ago. In telling you a 

little about it I will answer the question I am asked 
quite frequently, ‘‘How did you happen to get into 
it?” 


The Technical Laboratories, of which I am in charge, 


1 Contribution to the Symposium on Training and Oppor- 
tunities for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety-eighth meeting of the A. C.S., 
Boston, Mass., September 14, 1939. 

2In charge of Technical Laboratories, Sears, Roebuck and 
Company. 
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are maintained to uphold the company’s guarantee to 
their customers to give good values and tell the facts 
about the merchandise they sell. 

Today it is impossible to judge offhand the true 
character and value of goods because of very clever 
methods of manufacture; therefore merchants have 
turned to the scientific method of learning the quality 
of what they have for sale. They are constantly en- 
deavoring to offer cheaper but better goods to their 
customers, and they can do this much more satisfac- 
torily through laboratory guidance than by the old 
costly trial-and-error method of buying and selling. 

The laboratories aid our professional buyers by ferret- 
ing out the superior and inferior features of a fabric, 
a tool, a water softener, an electric device, or whatever 
is under consideration. We determine its composition, 
construction, and efficiency; we recommend to the 
manufacturers ways of correcting faults or defects; 
ways of improving the product; and we keep in close 
touch with the factories while our recommended changes 
are being made. 

The !aboratories set up specifications for such diver- 
sified items as drugs, metal plating for automobile ac- 
cessories, or the construction of bed sheets; and these 
specifications must be adhered to by our manufacturers. 

The laboratories must prove the usefulness of new 
materials, such as new alloys for cutlery or new alloys 
for housewares or for gears; or new detergents. We 
must prove the practicability of new finishes, such as 
finishes to prevent the corrosion of metals, or finishes 
to prevent wrinkling of fabrics, or to make fabrics 
water-resistant. 

We must pass upon new devices, such as air-condi- 
tioning units, new cameras, furnaces, electric motors, 
or household appliances; and occasionally we develop 
new products ourselves. 

We work with the advertising department by supply- 
ing facts for labels or for catalog descriptions of mer- 
chandise, and we check all catalog copy to be sure 
that claims made by the company are in accordance 
with the facts. 

These functions, you see, involve more than chemical 
problems. 

There are three main divisions in our laboratories: 
Chemical, Engineering, and Textile. The Chemical 
Division includes metallurgical, microchemical, and 
general analytical laboratories; the Engineering Divi- 
sion includes a variety of electrical, mechanical, and 
household-equipment laboratories, and also a machine 
shop in which much of our testing equipment is de- 
signed and built; the Textile Division includes a chemi- 
cal laboratory, a constant-temperature and humidity 
laboratory for physical testing, a laboratory for micros- 
copy and photomicrographic work, and one for han- 
dling dye, finishing, and shrinkage problems. 

At present there are eighty-one persons on the staff. 
They handle about 27,000 items and problems a year, 
some that necessitate long-time investigations and 
even research; occasionally a problem may require 
the collaboration of members from all divisions. 
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Each member of the staff is employed to fill a par- 
ticular need in the laboratories, and sometimes it js 
necessary to search long and diligently before the one is 
found who fits into the niche. He is chosen on the 
basis of training, experience, and personality. Most of 
the members are specialists. 

Of the twenty-one who are chemists, eleven besides 
myself are women. Two of them have doctor’s, three 
master’s, and the rest bachelor’s degrees. Two women 
are pharmaceutical chemists, one of them having had 
considerable industrial experience, the other, teaching 
and research experience. Three are textile chemists; 
of these, one has charge of her division, the second has 
had ten or eleven years’ experience as head of a labora- 
tory of a large textile printing and finishing plant in 
Massachusetts, and the third has had teaching experi- 
ence. Two of the women, trained as chemists, are our 
librarians; they with their assistants abstract articles, 
compile bibliographies and do reference work, thus 
assisting members with their problems. Another is of- 
fice manager and directs twelve clerical assistants. 
She is responsible for the proper distribution of prob- 
lems, the sending out of reports and for the indexing 
system. Any person who fills this position must have a 
broad understanding of technical problems of all kinds. 
Three are young chemists working under the super- 
vision of more experienced members of the staff. 

These women are conscientious, thorough, take re- 
sponsibility well, and are very much interested in the 
application of chemistry to practical merchandising 
problems. They are working side by side with ex- 
perienced men, and the results of their work are equally 
satisfactory. 

It is true that the attitude toward women is that of 
skepticism; but women should not attribute all of their 
hard blows in business to this cause, because men have 
to take knocks among themselves—they clash in per- 
sonality, are rivals for position—any business man 
knows that in most organizations all is not smooth 
sailing. 

If it is the purpose of this symposium to emphasize 
personal experiences, I would stress the influence, in 
my own case, of unusually fine teachers, an oppor- 
tunity to enter the textile field in its early stages, the 
chance to use my initiative, and the fortunate char- 
acteristic of not being too easily discouraged. 

I was fortunate in having as my first teacher in 
chemistry, one who was inspiring. Teachers do not 
realize the tremendous effect they have on the lives of 
their students—either for better or worse. Later, at 
The University of Chicago under such men as Dr. 
Julius Stieglitz, Dr. Lauder Jones and Dr. Alexander 
Smith my interest in chemistry grew. All of these 
men were unusual teachers and maintained a very 
friendly, fair attitude toward women, not only in their 
courses but toward their future opportunities. 

From my first stay at the University I went to teach 
chemistry in the School of Household Science and Arts 
at Pratt Institute, irooklyn, New York. Although 
while there I gave a variety of chemistry courses, I 
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devoted most of my time to organic chemistry. In 
addition I had the interesting experience of organizing a 
course in textile chemistry, one of the first of its kind, I 
believe, outside textile schools that train men for manu- 
facturing. To help develop this course, I arranged 
through Dr. Alexander Smith, who was then head of 
the Department of Chemistry at Columbia Univer- 
sity, to spend a summer in the Waldrich Bleacheries 
in New Jersey, working with Dr. Flynn in his labora- 
tory there, where I had the unusual opportunity of 
seeing and studying the various bleaching, dyeing, and 
finishing processes in the plant. This experience, to- 
gether with help from Dr. J. Merritt Matthews and 
Dr. James Chittick, well-known textile consultants 
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in New York, started me on the road of Textile Chemis- 
try. It was because of this background of experi- 
ence that I was later urged to go to Sears, Roebuck and 
Company to take charge of the textile work of their 
laboratories. 

During the 1923 depression our highly developed 
laboratories were almost eliminated. From that time 
on it fell to my lot gradually to redevelop them, so that 
I have seen them grow again from a small staff and 
cramped quarters to their present size. 

Although as yet there are few laboratories of this 
particular kind, science is being applied more and more 
to business, to merchandising; and opportunities for 
chemists in this field should increase. 














T WOULD seem as if the initial placement of the 
woman chemist in industy had been managed with- 
outconsidering her particularqualifications. Among 

these are her aptitude for control routine whether in 

connection with research or in a bona fide control 
laboratory. Her proverbial curiosity sustains her in- 
terest under conditions that spell boredom for most men. 

The training of the woman chemist for control work 
should fit her to handle the ordinary instruments in 
the laboratory with a practical knowledge of their 
idiosyncrasies as well as a theoretical knowledge of their 
principles. A swift technic is necessary because the time 
element is so important in production. 

Records should be carefully dated and annotated and 
kept in such a manner as to be readily accessible for 
reference and summarization for departmental reports. 
In rare instances, the primary laboratory entrance 
figures have been invaluable as court evidence. It is an 
asset to be able to use engineers’ printing which is legible 

1 Contribution to the Symposium on Training and Oppor- 
tunities for Women in Chemistry, conducted by the Division 
of Chemical Education at the ninety-eighth meeting of the 


A. C. S., Boston, Mass., September 14, 1939. 
2 Plastics Department. 

























The WOMAN CHEMIST in the 
CONTROL LABORATORY. 
TRAINING and QUALIFICATIONS 


EVELYN HEARSEY? 


E. I. du Pont de Nemours and Company, Leominster, Massachusetts 






and takes up comparatively little space. The analyst’s 
own reports should be succinct and quite free from ex- 
pression of personal opinion, relying on the accumulated 
figures to state the case. 

Mathematical equipment must include algebra and 
geometry, with perhaps trigonometry in certain labora- 
tories, but analytical geometry and calculus are un- 
necessary. Familiarity with the calculation and prepa- 
ration of normal and fractional normal solutions is a 
cardinal requirement. The habit of careful checking 
of both observations and calculations should be formed. 

Those of us who have been associated with industry 
for some years feel that education for safety should have 
an important place in academic preparation. The early 
cultivation of caution and an awareness of hazards will 
prove most useful to the entrant into the industrial 
world. 

Discretion in regard to discussion of laboratory affairs 
outside the plant is an obligation. Among other de- 
sirable traits for the woman chemist are a self reliance 
that does not shirk acting in an emergency, a regard for 
neatness, a democratic manner, a calm and cheerful 
disposition, and a vigorous sense of humor. 
















WRITING about CHEMISTRY 


CORNELIA T. SNELL 


Foster D. Snell, Inc., New York City 


OO MANY chemists who direct or coéperate in 
iets and publish their results from time to 

time, present these in a form which if turned 
in as a high-school composition in English, would be 
sent back by the teacher tracked up with numerous 
red correction marks. Some may consider the writing 
up of experimental results an insignificant detail in com- 
parison with the securing of data in the laboratory, 
but if the writing is well done it is usually the result of 
careful and painstaking work on the part of some one. 

Those who read chemical literature have no doubt ob- 
served that some articles, or more often some para- 
graphs, have to be read over and over before the mean- 
ing becomes clear. In other articles the author repeats 
himself two or three times, a practice which might be 
useful in the classroom but which has no place in scien- 
tific literature. Such an article is not only tiresome but 
wastes the time of the reader as well as space in the 
publication in which it appears. 

Research chemists who write poorly have the per- 
fectly legitimate excuse that the emphasis throughout 
their college and graduate training is on the collateral 
sciences, since any branch of science is so closely inter- 
related with the other branches. To know much about 
one it is necessary to know something about others. 
It is taken for granted that the chemistry student al- 
ready knows how to write good English, a premise 
which does not necessarily hold true. 

Based on the above it is suggested that a special 
field may exist for women who have training in chemis- 
try but who also like writing. Perhaps a new profes- 
sion might be developed by those women who have 
the aptitude and proper preparation to meet a need 
for writer assistants. They might be free lances and 
assist any who were willing to pay the fee, or they might 
be connected with particular research groups, taking 
care of all writing for publication, much as many people 
now employ ghost writers. At the present time it is 
doubtful if there are any chemical writers such as those 
described, but the suggestion is made as a possibility 
for the future. Students of tomorrow may find it 
necessary to limit their education to narrower and 





1 Contribution to the Symposium on Training and Opportuni- 
ties for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety-eighth meeting of the A. C. S., 
Boston, Mass., September 14, 1939. 


narrower channels with a corresponding increase in 
specialization. 

A movement in the direction of training as chemical 
writers is shown by the girls who are already equipping 
themselves as chemical secretaries. They obtain their 
foundation in chemistry by making that subject their 
college major. A sound training in the fundamentals 
is important. They will use this knowledge of chemis- 
try, and they have just as much right to call themselves 
chemists as has the man standing behind a laboratory 
bench. These girls study stenography and typing, 
which enables them to make themselves immediately 
useful. As they gain experience and knowledge in 
their particular situation they become more and more 
valuable because of their technical background. Abil- 
ity to write a clear and concise style of English will 
aid progress toward responsible and interesting work, 
such as assisting in the preparation of reports, writing 
technical papers and so forth. College courses in 
English—especially in composition, preferably to the 
extent of making English a minor—are an important 
preparation. A reading knowledge of French and Ger- 
man is highly useful. Writing about chemistry is 
frequently closely allied with reading about chemistry, 
and to read at all extensively in this field it is essential 
to be able to use French and German. 

The chemical secretary sometimes develops into an 
assistant editor of a chemical journal or of a trade 
journal. Many journals of both classes are published, 
and several women now hold positions as assistant or 
associate editors. A woman is not apt to become the 
managing or directing editor because such a position 
requires a combination of business man, editor, and 
chemist, just as the head of any large research organi- 
zation has to be as much business man as he is chemist. 

These are some of the possibilities for women who 
wish to write about chemistry. The girl just out of 
college cannot expect to step into a responsible and 
remunerative position although there is no question 
but what such positions exist. What she can do is to 
keep some sort of goal in mind and train herself for it, 
both in college and afterward. The more definite the 
goal, the more apt she is to get somewhere even if it 
isn’t exactly where she intended. Her best beginning 
is undoubtedly as a meek and willing stenographer, one 
not only willing to work but willing to learn. 
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WOMEN as PATENT ATTORNEYS 


ELIZABETH HUNTER?’ 


General Printing Ink Corporation, New York City 


ERY soon after the creation of the Patent 
Office, and the establishment of a system of regis- 
tration of patent attorneys, women became active 

in both the examining and soliciting branches of the 
system. The first woman examiner was appointed in 
1873, and in 1897, a woman was registered to practice as 
an attorney before the Patent Office. A limited number 
of women have continued to explore the field since this 
time, but despite this early start, women have not ex- 
ploited its possibilities to any great extent. Less than 
one hundred women have been active in this work since 
the creation of the patent system, and to the best of 
my knowledge, there are less than thirty-five women in 
the United States today, who are engaged in patent 
work. Of these, nine are examiners in the Patent 
Office, the remainder are patent solicitors, either prac- 
ticing independently, or affiliated with a patent law 
firm or corporation. In the entire number, I have been 
able to discover only five chemists; one in the Patent 
Office, and four in soliciting work. 


REQUIREMENTS 


The initial requirements to qualify for patent work 
are relatively simple. One must be a graduate of a 
recognized college, with a major in either chemistry, 
physics, or engineering. Naturally, the more scientific 
training one has, the better, and emphasis is placed on 
the practical aspects of technology. Mechanical draw- 
ing is absolutely essential, as the law requires that every 
patent be illustrated by a drawing wherever the nature 
of the invention allows it. Consequently, one must be 
able, quickly and accurately to interpret the mechanical 
drawings which accompany almost every patent. 

Languages—especially German and French—are very 
important, as any phase of patent work requires the 
examination and consideration of foreign patents. 

Law is not essential—either for the work of examining 
in the Patent Office, or for soliciting patents in practice 
before the Patent Office. But it is essential, of course, 
for litigation of infringement suits and the like before 
the courts. However, knowledge of law is very helpful, 
and most patent attorneys eventually obtain a law de- 
gree, and are admitted to the bar. 


AVENUES OF ENTRY INTO THE PATENT FIELD 


There are two main avenues by which one may ap- 





1 Contribution to the Symposium on Training and Opportuni- 
ties for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety-eighth meeting of the A. C. S., 
Boston, Mass., September 14, 1939. 

2 Patent Department. 
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proach and enter the patent field, and they lie at dia- 
metrically opposite poles of the system. At the en- 
trance to each is a Civil Service examination. One 
avenue leads to the Patent Office, as examiner of patent 
applications, the other to patent solicitor, as drafter 
and prosecutor of applications. 

The first, and usual, course, heretofore, for most men 
entering the patent field, has been to obtain a position 
as examiner in the Patent Office by taking the appropri- 
ate Civil Service examinations, and being subsequently 
appointed to the Patent Office as vacancies in the ex- 
amining corps occurred. After several years in the 
Patent Office many young examiners accept positions 
with patent law firms, and proceed to the solicitation of 
patents. Three years’ successful work in the Patent 
Office entitles an examiner to automatic registration 
without the necessity of taking another examination. 

This approach, through the Patent Office, is tem- 
porarily closed by the current recession. The last ex- 
amination, given in the Spring of 1937, produced such 
a tremendous crop of qualified persons, that it will 
probably take years to use them up. In the latter part 
of June of this year, the number of qualified persons on 
the list waiting for appointments, stood at between 
eight hundred and nine hundred. As vacancies are 
now occurring only at the rate of some ten or fifteen a 
year, one can estimate about how long it will take to 
exhaust this supply. Meantime, no examination will 
be given until the present qualified list is exhausted. 

The second avenue of approach, leading to the réle 
of patent solicitor, is somewhat more promising. 

The patent departments of many corporations are 
open to technically trained people, even though they 
are not lawyers. Sometimes graduates are taken di- 
rectly from school into patent departments—oftener 
they are taken from another part of the organization. 
This latter fact suggests that the most favorable 
method for women chemists to enter the field should be 
by way of a position in some other department, such as 
the library or laboratory, or through secretarial work. 
Of these, I think the library is the most effective route. 
There, one has an opportunity to read patents, to get 
the ‘“‘feel’’ of the language used, and often to make 

patent searches in conjunction with literature searches. 
In this way a gradual familiarity with patents can be 
gained while learning the background of the company’s 
technical processes and products. A position as 
secretary to a patent attorney, either in a corporation 
or in a patent law firm, may very readily materialize 
into advancement to the réle of patent searching and 
finally patent prosecution. 
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Transfer to the Patent Department, then, entails 
learning to draft and prosecute patent specifications 
and claims under the guidance and supervision of a 
competent patent attorney. After sufficient experience, 
the new recruit will qualify to take the Civil Service 
examination required for registration as a patent agent 
to practice before the Patent Office. This examination 
is given twice a year, in the Spring and Fall. It includes 
questions on the Rules of Practice, and requires the 
drafting of a simple patent application and claims from 
a set of drawings given out at the examination. 


WOMEN PATENT ATTORNEYS 


The few women who have found their way into patent 
work, have apparently enjoyed it as a profession, and 
have been quite successful at it. Although few in 
number, they are quite widely distributed geographi- 
cally. Of about thirty women whom I know to be 
actively engaged in the profession—twelve are in Wash- 
ington, including the nine examiners—seven are in New 
York City; three in Boston; and one each in Cincin- 
nati, Cleveland, Chicago, St. Louis, Niagara Falls, 
Rochester, New York, and Allentown, Pennsylvania. 

One of the most outstanding of the women patent 
attorneys is Marie K. Saunders, formerly an examiner 
in the Patent Office, and the first woman to pass the 
Civil Service examination for this position after these 
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posts ceased to be appointive. She is now practicing 
patent law under her own name in Washington, lectur- 
ing on patent law at the Washington College of Law, 
and is president of the Women’s Patent Law Associa- 
tion. 

Mrs. Jessica D. Stewart, another practicing attorney 
in Washington, is a physicist, a graduate of Wellesley 
College, and a former examiner. She specializes in 
electrical and radio work, and for many years was re- 
tained by the Atwater Kent Corporation. 

The women chemical patent attorneys, besides my- 
self, are: Mrs. Alma Diner, with the Carborundum 
Company, at Niagara Falls, Dr. Ruth Merling, in the 
Patent Department of the Eastman Kodak Company, in 
Rochester, and Mrs. Marjorie Snelling, in private prac- 
tice with her husband in Allentown, Pennsylvania. 


CONCLUSION 


Colleges looking toward the possibility of placing 
their women technical graduates in the patent field, 
could very readily expand the courses now given in 
library work, to include sufficient information about 
patents, their history, prosecution, and use, to enable 
the student to decide whether she wishes to make this 
field her lifework. I believe that the patent field is 
one of the most fascinating still to be exploited by 
women generally, and that it offers especial induce- 
ments to the woman chemist. 





A BACKWARD GLANCE 
GIVES a FOWARD LOOK 


MAY L. WHITSITT 


Southern Methodist University, Dallas, Texas 


mob of Bostonians dragged a man through these 

very streets with such fury that only protection 
in the gaol prevented his hanging. William Lloyd 
Garrison’s crime was sponsoring an address by a 
British abolitionist before the Female Antislavery 
Society, a group of Boston women so forward, so shame- 
less, so unsexed as to come together to discuss a public 
issue. In those days it was an unheard of piece of 
license and indecency for women merely to attend a 
public meeting in the United States no matter how 
benign the purpose or respectable the meeting place (1). 


«agnor exactly one hundred four years ago a 


f 1 Contribution to the Symposium on Training and Opportuni- 
ties for Women in Chemistry, conducted by the Division of 
Chemical Education at the ninety-eighth meeting of the A. C.S., 
Boston, Mass., September 14, 1939. 


But times have changed; perhaps you read in the July 
20th issue of the News Edition of Industrial and Engi- 
neering Chemistry that women conservatively dressed 
may sit in Boston Common an hour without attracting 
undue attention! 

In 1911 there was only one woman in a governmental 
position whose annual salary was as much as $4800. 
Today there are two hundred women in the official 
government registry who are in executive positions. 
More than fifty are receiving salaries of $5000 or more; 
more than fifty are receiving between $3600 and $4800. 
In the Journal of the American Association of Unwersity 
Women, June 1939, Dr. Susan Kingsbury of Bryn 
Mawr College gives a summary of her ‘Study of the 
Economic Status of University Women,” the full re- 
port of which was made at the biennial convention of 
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the association in Denver in June. The report gives a 
picture of 8796 employed university women. The 
data were obtained from questionnaires circulated in 
1935. Seventy-nine per cent. of the women were pre- 
pared for their employment by one or more years of 
study following graduation from college. Six per cent. 
have a doctor’s degree in philosophy or medicine. 
Sixty-nine per cent. are in educational work; one-fifth 
of those in educational work are in executive positions. 
Twenty-eight per cent. are employed in fields other 
than education and represent eleven or more profes- 
sions. Compared with the picture in 1911, this is 
progress, not overwhelming, but noteworthy. 

But in spite of this steady gain one needs but to 
look around him to see that in the past ten years there 
has been some loss of ground; and there may be more. 
Miss Adah Pierce writing on ‘University Women of 
Western Europe” (2) quotes the following statement of 
Marie Butts, Secretary of the International Bureau of 
Education at Geneva, ‘“‘Yes, vocational opportunities 
for women are steadily decreasing. That decrease is 
due to two things, (2) unemployment in democratic 
countries which is the result of economic chaos; (0) 
propaganda regarding women’s position in the totali- 
tarian or fascist states.”’ 

The effect which each of these conditions is producing 
on the economic position of women is grave enough 
even in the democracies to make it necessary to see the 
fallacies in their appeal. And for this reason one is 
compelled to clarify his own thinking and to rid him- 
self of time-worn prejudices. No matter how cluttered 
our minds may be by hang-overs of past generations, 
when we bring the scientific method to bear and look 
facts in the face there is no alternative but to admit 
that women, all women, either married or single, are 
just people. And as such, according to our under- 
standing of the Constitution of these United States, 
each one has a right to her fullest self development, 
and so she has a right to work at any occupation she 
may desire. Professor Thorndike as early as 1906 
issued a warning, unheeded, that one of our most 
dangerous assumptions was that women’s functions in 
social, industrial, and domestic life are fixed. 

Efficiency should be the determining factor in choos- 
ing any person for a job, and if economic crises make 
allocation of jobs a necessity then the allocation should 
be on the basis of need. The unjust discrimination 
against married women workers shown by many school 
boards, some industries, and even some legislatures 
serves to weaken the position of all women; single 
women opposing the employment of married women 
would do well to realize this fact. Secretary of Labor 
Perkins in April, 1933 reported that ninety-five per 
cent. of the women in industry were the sole support of 
their families. In her report Dr. Kingsbury states 
that forty-one per cent. of the university women re- 
turning her questionnaire were responsible for the 
partial or complete support of one to four dependents 
and that forty-one to fifty-two per cent. of those with 
one to four dependents earned less than $2000. One- 
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third of the women reported serious discrimination, 
and of these eighty-one per cent. cited sex and marital 
status as causes. The discrimination varied from 
smaller returns for services rendered because they were 
women to actual loss of jobs because they were mar- 
ried women. In most cases it is the woman in the 
lower salary bracket desperately needing her job who 
suffers most by this discrimination. 

Equal opportunities entail equal responsibilities. 
Certainly it is a contribution immeasurable in value 
which a man and woman make in bringing into being a 
family of healthy children and rearing them by intelli- 
gent guidance in an atmosphere of love and under- 
standing. When the economic and social welfare of 
the family is enhanced by the mother’s remaining in 
the home, and if this satisfies her need of occupation, 
then well and good. But it is not necessary to dwell 
on the fact that there are as many labor-saving devices 
for the home as for the farm or factory; in many homes 
when the children have reached school age and par- 
ticularly when there are no children, an alert and in- 
telligent woman is left with time on her hands which 
should be used for making a worth-while contribution 
for her family or her community else she will be forced 
into a parasitic position, one which a person of intel- 
lectual integrity cannot tolerate. ‘*The so-called chival- 
rous refusal of the man of the family to permit his wife 
to work outside the home is largely a sentimental cover- 
ing for a lack of intellectual honesty and emotional 
integrity”’ (3). 

The depth of women’s degradation in the fascist 
states has reached an all-time low through the arbi- 
trary decision of men that women’s place is in the home. 
According to Freda Wunderlich in The American Scholar 
(4), the blow dealt to the women’s movement in Ger- 
many is so dangerous to women in other countries that 
it threatens what has been accomplished throughout the 
world. At the beginning of the Third Reich learned 
women had to withdraw from public life and from all 
positions of influence. The philosophy of National 
Socialism is a religion of war and a destruction of human 
personality. Women’s task is to bear the strong men 
the Fatherland needs for its wars. And the training of 
all girls is toward this end in a country where there is 
a surplus of 1,800,000 women. 

And yet here in our own democracy the large group 
of middle class, fairly well-to-do, ultra-conservative 
men and women who are scarcely aware of the teachings 
of the totalitarian states and who certainly do not 
realize the hideous menace of these teachings are quick 
to pick from the dictators the slogan, ‘““‘Women’s place 
is in the home,” and with a warm glow of sentimentality 
for the days of their grandmothers when women’s work 
was never done and with no thought for the harm they 
are doing society heedlessly make sex the basis for an 
unjust discrimination. 

But our chief purpose here is to summarize what has 
been so excellently presented in the preceding por- 
tion of this symposium. Dr. French has given us a 
full-length photograph of what we are today, a photo- 
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graph clear enough to serve as a magic mirror to show 
us something of the future. Professor Sherman has 
from the university professor’s point of view described 
and analyzed the opportunities and training for women 
in the field of chemistry. Those of you who have had 
opportunity of working with Dr. Sherman know his 
keen insight and his amazing ability to illuminate a 
problem even beyond the horizon. This is not meant 
to be a testimonial meeting, but if it was, all here would 
testify that much of the progress that has been made in 
securing greater opportunities for women in chemistry 
is due to the wise guidance and untiring and unselfish 
effortsof Dr.Sherman. And, parenthetically, we would 
like to add that we rejoice with Dr. Sherman that he is at 
last free to devote all his time and energy to his field 
of the chemistry of nutrition—a field in which his 
contributions have made him an international leader. 

Dr. Landis by his thoughtful and sympathetic con- 
sideration of the problems confronting women in 
chemical industry and by his heartening and courageous 
calling of a spade a spade has made a valuable contribu- 
tion not only in showing what the problems are, but in 
offering constructive suggestions for their solutions. 
The bright side of women’s place in industry is shown by 
Dr. Adams in his discussion of the work of a bibliogra- 
pher. It is delightfully refreshing to find in industrial 
work a position of so much interest and importance 
for which women properly trained are not only well 
suited but better suited than men. Dr. Adam’s en- 
thusiasm will probably bring on a riot of applicants. 

The interesting and all too brief accounts of their 
work by Dr. Worner, Dr. Weirick, Dr. Hearsey, Dr. 
Snell, and Dr. Hunter show once more that the proof 
of the pudding is the eating thereof. The positions 
that these young women have attained in spite of 
whatever faults there may have been in their training 
and in spite of handicaps they may have met in prej- 
udice and discrimination is a tribute to their superior 
intelligence and to their ability to overcome difficulties. 

In our summary of these papers, we have grouped 
the findings under three heads: (1) the kinds of posi- 
tions more available to women chemists and in which 
success is more likely to be achieved; (2) some valid 
objections to women workers; (3) some general state- 
ments concerning the training together with sugges- 
tions which may make for more effective and satisfying 
work. 

A number of leaders believe that the chemical pro- 
fession is already oversold and that the need therefore 
is not for more chemists but for better ones. Dr. 
French has found in a report from ninety-seven col- 
leges for the years 1934 through 1939 that 5.6 per cent. 
of the total number graduating are chemistry majors; 
and one-fifth of these or one per cent. of the total 
number are women chemistry majors, about 1500 in six 
years. The woman of exceptional training and ability 
can reach the top in any field she chooses. In this 
connection Dr. French’s report on the faculty position 
of women in chemistry is enlightening and somewhat 
gratifying; the returns from one hundred eighty 
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colleges show that ten per cent. of the chemistry teach- 
ing staff are women. Almost seven (6.7) per cent. are 
women holding Ph.D. degrees, and eight per cent. are 
women of full professorial rank. 

Opportunities in chemistry often bear other than 
chemical titles. The present trends show that business 
economics favors services of a man for engineering or 
heavy chemical enterprises; but it is also sound busi- 
ness to favor women in the development of chemical 
services in the field of consumption economics. And 
it is in this field that women will find less discrimination 
and greater chance of success. 

For the young woman graduating from college with a 
major in chemistry there are a number of positions 
which offer useful opportunities. The survey shows 
that during the past six years the largest groups of 
these young women with the minimum training in 
chemistry have found employment as science teachers 
in high schools (sixteen per cent.) and as medical tech- 
nicians (14.6 per cent.); an equally large number have 
gone on with graduate study. The positions that 
seem to be most easily available to women with this 
minimum training are as follows. 


(1) Chemical secretary. For this position there 
must be a good record of major work in chemis- 
try, ability to read in French and German, good 
training in mathematics, typing, and _short- 
hand, ability to write concisely, accurately, 
and clearly; a pleasing manner in meeting 
people and in working with them. 

Technical librarian. This position requires 
similar training and ability as that of a secretary 
except for the writing. In addition, there 
must be good training in library work. 

Medical technologist. The clinical laboratory 
is a woman’s field both from the standpoint of 
openings for trained women and special adapt- 
ability of women to carry out laboratory pro- 
cedures. Very recently the Board of Directors 
of the American Chemical Society authorized 
the appointment of a committee to study and 
formulate proper qualifications for workers 
securing data of a chemical nature for the use of 
physicians in the diagnosis of disease. 


The salaries for these positions at present range from 
$1370 to $1583 a year. 

When the extent of training in chemistry and in 
certain other fields is increased to include from one to 
several years of graduate work, particularly in science, 
there are more advantageous openings for women. 
In the field of scientific journalism there are many 
opportunities if one is interested in writing and has the 
ability to do it well. Dr. Snell has demonstrated by 
her own extensive publications how wide the range of 
chemical subjects in journalism may be when one is 
adequately trained in science. And, as she has indi- 
cated, this combination can lead to editorial positions. 

The various laboratories of the Federal Government 
as well as industrial laboratories require the work of 
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many trained chemists. For women most of the open- 
ings are routine jobs or bench work. However, these 
frequently demand specialized training such as work 
jn enzyme investigation, microscopy, microanalytical 
work, spectro-photometry, colorimetry, and the like. 
One excelling in a special field may open a research 
job for herself. In another direction in industrial work, 
chemistry combined with home economics leads to 
positions in consumer services; these may be in testing 
laboratories in foods or textiles, in merchandise con- 
trol, in many phases of nutritional work, in statistical 
studies, or in research positions. 

The work of patent attorney is closely connected 
with industry, and it has been emphasized that for the 
women well trained in sciences, mathematics, mechani- 
cal drawing and with or without law there are, in an 
uncrowded field, opportunities for interesting and valu- 
able work. And in another uncrowded field closely 
associated with chemical industry is the position of 
bibliographer, which involves the training and ex- 
perience necessary to contribute ideas and information 
to active research projects, to develop new ideas for 
research, to assist the directors and patent attorneys 
by furnishing a critical coverage of the technical litera- 
ture. 

There seems to be a growing demand for capable 
people with training in both sciences and statistics. 
Positions in this field are principally in medical statis- 
tical studies and in departments of public health. 
Women seem to be well adapted to this kind of work 
and are more welcome here than in many other fields. 
At present Johns Hopkins, Harvard, Columbia, and 
University of Minnesota are offering this specific type 
of training for public health work, and it is through 
these training schools that workers are placed. 

Some positions women have created for themselves 
out of their training and hobby. Miss Natalie Kalmus 
has been working in color problems in photography for 
twenty years, and her knowledge of chemistry and her 
interest in art and photography have led to her un- 
usual position of expert color chemist with Technicolor. 
Mrs. Martha Gillett is a roads expert. It has been her 
job to plan the intricate system of roads at the New 
York World’s Fair and not only to plan them but to 
determine the best type of paving. And it would seem 
that a woman with a thorough knowledge of soil and 
plant chemistry would find much pleasure and profit 
in horticultural pursuits. 

We do not need to repeat that there are objections 
to women holding certain positions. Instances are re- 
ported of women who do not like to work under other 
women; and men like it even less. Some of the objec- 
tions are valid and should be considered in all serious- 
ness. Most of them are of a psychological aspect, 
rather than on the basis of training and ability. Ex- 
perience has apparently shown that enough women 
have demonstrated a lack of fair play to handicap all 
women in positions where good teamwork is essential. 

A directive imagination is another important quality 
found missing in many women. A blunter way of say- 
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ing the same thing is that while women perform their 
immediate tasks with utmost precision and care, many 
remain in routine jobs because they do not keep their 
minds close enough to their work to see the larger as- 
pects of it and its relation to other fields; therefore they 
make little contribution toward changes and improve- 
ments. As a result they manifest a lack of aggressive- 
ness. And these two factors are certainly important in 
understanding why women frequently fail to meet the 
strong competition for the better positions in their field. 

The problem of training for a career in chemistry is 
threefold: first, there must be training adequate for a 
firm grasp of the tools needed in a first position which a 
beginning chemist is apt to have; second, there must 
be a thorough and up-to-date training in chemical 
theory and supporting physics and mathematics to give 
foundation for work of more theoretical character and to 
enable the chemist to embrace his next higher opportu- 
nity; third, there must be broadening courses in other 
sciences to widen to the horizon, to develop resourceful- 
ness, and to show scientific relationships; there must be 
stimulating up-to-date courses in social sciences to give 
breadth of view, an appreciation of economic relation- 
ships, and most important of all, to give an appreciation 
of human significance. 

There should be little differentiation in training of 
men and women. Those who expect to follow chemistry 
as a career must have professional training which will 
heighten the directive imagination; women must have 
more opportunity for developing mechanical ingenuity. 
In view of these needs it is thought by some that all stu- 
dents with a professional interest in chemistry should 
receive their training where this professional attitude 
can be developed and that co-educational schools are 
better for this purpose. 

The differentiation in training will come in the choice 
of broadening courses in other sciences. Men will more 
likely choose chemical engineering, and women may 
choose statistics, home economics, journalism, or public 
health work. 

Then there is that matter of personality again. When 
Roger Adams visited us in Dallas several years ago he 
said to a group of students that the most important 
item in their training was development of a good per- 
sonality. Adequate training in chemistry was taken for 
granted, of course. But, he said, given one job and two 
applicants, one capable, one more capable, the deciding 
factor would be the personality. The experiment in 
self-development that is being tried at Stephens College 
bids fair to be an important guidepost in our newer 
educational -planning. A buoyancy and winsomeness 
that come from physical and mental health, a poise 
and dignity that comé with good grooming; initiative, 
assurance, and intelligent aggressiveness, and reliance 
on intellectual integrity together with a humility of 
spirit make a combination hard to achieve, but im- 
possible to resist. 

There may be days ahead that are not so bright. But 
a backward glance over the years and the survey of the 
present give one a feeling of appreciation for those who 
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have achieved so well; their achievement gives en- 
couragement for the future. We have said earlier that 
equal opportunity gives equal responsibility. Even 
though women do not always have equal opportunity 
with men, they have greater responsibility because 
greater excellence is expected of a woman holding a job 
than a man; she cannot afford mistakes; if she succeeds 
she must do a better job than the man. And this 
attitude she must accept, not as a handicap, but as a 
challenge. 

Any individual or group endeavoring to thwart the 
development of human personality is a detriment to 
himself and to society. In so far as such effort is suc- 
cessful so far is progress of all the people retarded. 
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Overcoming discrimination whether on the basis of race, 
sex, economic, or marital status is a slow process. Cer- 
tainly it can be accomplished only through active 
codperation of all individuals who believe in the value 
of human personality and who have the conviction that 
it is the right of every individual to develop the pos- 
sibilities for good within him. The splendid achieve- 
ment that women have made and are making in the 
field of chemistry has been possible because of the active 
support and sympathetic encouragement as well as the 
brilliant example of the men in the field. And it is only 
by men and women who see these problems in the same 
light working intelligently together that women’s place 
can be established on a self-respecting basis. 
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CORRESPONDENCE 


“OXIDATION OF AMMONIA TO NITRIC ACID—A DEMONSTRATION” 


To the Editor 


Dear Sir: 

An article entitled, “Oxidation of Ammonia to Nitric 
Acid—a Demonstration,” by Arthur Haut appeared 
in the October, 1934 issue of the JOURNAL OF CHEMICAL 


EpucaTION, and your correspondent, after numerous 
attempts, has discovered some interesting problems 
connected therewith. 


Using the procedure as outlined by Haut for the gen- 
eration of both oxygen and ammonia and with a pyrex 
tube filled with c.p. Baker’s Copper Gauze which was 
heated by means of a Meeker burner for the high tem- 
perature required one noticed that a rather rapid gen- 
eration of oxygen was necessary in order to get evidence 
of the brown fumes of nitrogen dioxide. The dioxide 
fumes did not appear in all cases. 

After placing a few cubic centimeters of water in the 
500-ce. flask previous to the oxidation there was noticed 
during the course of the reaction a blue coloration on 
the surface of the water and deposited partially on the 
side of this flask. On testing for a nitrate, by means of 
the brown-ring test, no evidence of a nitrate having been 
formed was given; therefore, the blue compound was not 
copper nitrate. Upon slow air evaporation of this 
bluish green water solution bluish green crystals of the 
shape indicated in the photomicrograph remained. (See 
the figure.) 

A further attempt to identify these crystals after 
being air-dried for several days showed that they were 
quite soluble in dilute acid solutions, gave a basic reac- 
tion in water, and were not as soluble in water as in 
acid solution. 

On placing a few of these dried crystals in a small, 
clean, hard glass tube with an outlet tube running into 
a few cubic centimeters of Nessler’s reagent and heat- 
ing them, it was found that the Nessler’s reagent in- 
dicated the presence of ammonia. 

The bluish green color was evidence enough that 
some volatile copper compound was formed. The tests 
above show some evidence or possibility that a complex 
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copper amine was formed, and yet the ammonia reaction 
with the Nessler’s reagent may be evidence of only oc- 
cluded ammonia in the crystals. 

Only small amounts of these crystals were available 
and so no other tests were made. It should be noted, 
however, that the crystals were not definitely shaped 
in all cases, as in the photomicrograph, but in other 
cases they took on feathery appearances with modifica- 
tions in color from light green to copper-blue. In other 
words, the method as presented by using copper oxide 
as catalyst is not always entirely satisfactory in demon- 
strating the process of oxidation, because other complex 
reactions are involved, and is especially dangerous when 
a glass tube is used, for numerous explosions do take 
place in the tube. 

Leroy D. JOHNSON 


STorRER COLLEGE 
HARPER’S FERRY, WEST VIRGINIA 


A SIMPLE DETERMINATION OF THE 
EQUIVALENT WEIGHTS OF MERCURY, 
COPPER, AND ZINC 


WALFRIED SEEGER 


Staatsrealschule, Krems an der Donau, Germany (Austria) 


PRINCIPLE 


WEIGHED quantities of the metallic oxides are dis- 
solved in excess hydrochloric acid and the surplus is 
titrated with normal alkali. From the resultant data 
the ratio of the weights of metal and oxygen, and conse- 
quently the equivalent weight of the metal, may be 
calculated. 


PROCEDURE 


One gram of each metallic oxide (analytical grade) 
is dissolved in 40 ml. of normal hydrochloric acid. 
For mercuric oxide 20 ml. is sufficient. Warming 
facilitates the dissolution of cupric oxide. With the 
aid of methyl orange as indicator the excess acid is 
titrated with normal alkali. The endpoint is the more 
» easily recognized because at the same time the color 
changes, the formation of an hydroxide precipitate 
begins. In the case of copper the change of color is 
from violet to olive-green. 


EXAMPLE 


One gram of zinc oxide was treated with 40 ml. of 
normal hydrochloric acid. For the back-titration 
15.4 ml. of normal potassium hydroxide was used; 
therefore, 24.6 ml. of normal hydrochloric acid was 
bound by the zinc oxide. 

By definition 24.6 ml. of normal hydrochloric acid 
solution contains 24.6 mg. of hydrogen (H = 1, ap- 


These 24.6 mg. of hydrogen bind an 


proximately). 
(The ratio 


eightfold weight of oxygen, that is 197 mg. 
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is known from the synthesis of water.) By subtraction 
of that amount from the weight of zinc oxide the 
weight of zinc isfound: 1g. — 0.197 g. = 0.803 g. 

Because the equivalent weight is that quantity 
which replaces one gram of hydrogen, or what is the 
same, binds eight grams of oxygen, the value for zinc 
can be calculated from the proportion: 


x:8 = 803:197 
x = 33.6 


The determination of the equivalent weight accord- 
ing to the described method requires little time, is 
economical of material, and is sufficiently exact. 

For control other methods of determination can be 
applied; for example: 

Zinc: measurement of the hydrogen liberated from 

acid by the metal; 

Copper: reduction of copper oxide with hydrogen; 

Mercury: quantitative decomposition of mercuric 

oxide by heat. 


MINUTES OF THE ANNUAL BUSINESS 
MEETING OF THE DIVISION OF 
CHEMICAL EDUCATION 


The following report of the Treasurer was approved: 


Cash on Hand March 25, 1939 $625.20 
Receipts from Dues 54.50 


$679.70 
Expenditures: 
Office of the Chairman 
Office of the Secretary 
Letter Heads for Chairman 
Abstracts, Baltimore Meeting 
Deposited to Savings Account 


$ 25.00 
25.00 
10.29 


5.60 
300.89 


$366.78 


Cash on Hand September 1, 1939 $312.92 
Vircinia Bartow, Treasurer 


It was voted to appropriate thirty-five dollars to- 
ward the expenses incurred by Dr. Ethel L. French in 
connection with the questionnaire and paper presented 
at the current meeting. 

The Committee on the Naming and Scope of Com- 
mittees reported approval of the proposal made at the 
Baltimore meeting to establish a Committee on High 
School Chemistry. 

The Nominating Committee presented the following 
nominations for the next year, all of whom were duly 


elected to office: 


M. V. McGn1, Chairman 

N. W. Raxkestraw, Vice-Chairman 

P. H. FALL, Secretary 

R. L. Ese, Executive Committee Member-at-Large 
Norris W. RAKESTRAW, Secretary 
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KEEPING UP WITH CHEMISTRY 


The atmosphere as a raw material. R.Grimwapt. Nature, 
143, (10-11 (Apr. 8, 1980).—"Scientific study of the atmosphere 
only began in the last quarter of [the seventeenth] century, and 
within fifty years of Stahl’s formulation of the [phlogiston] 
theory, it had been displaced, and oxygen had been recognized, 
isolated, and identified, In litthe more than a century, the com- 
position of the air was known to one per cent., and not very 
long afterward, Ramsay completed the story with his discovery 
of the inert constituents... England and Scotland have twenty 
or more factories taking the oxygen from twenty million cubic 
feet daily, but this large amount ceases to seem dangerous when 
we remember that the population of those countries uses six 
hundred million cubie feet daily in the ordinary course of res- 
piration; animals add their demands to this figure, and the total 
is again vastly increased by the supply required for the daily com- 
bustion of wood, coal, and petrol... Mankind is continuously 
oxidizing carbon, and yet rapidly diminishing the amount of the 
only agent--vegetation—-that can renew his exhalations to a use- 
ful atmosphere, . ."' 

In about 1885 ‘man began to abstract oxygen from the air for 
its own sake, when the barium oxide process was first used com- 
mercially, At first, much of the oxygen was used for therapy 
and for the limelight.’’ At present ‘‘about ninety-eight per cent. 
of the oxygen prepared is used in engineering, cither for metallur- 
fical, fabricating, or cutting purposes.”’ It is now extracted “by 
liquefaction and subsequent rectification, .." 

“Argon, . . is now separated directly in a state of comparative 
purity from commercial oxygen distilling apparatus. At the 
present time, about ten million cubic feet are used annually to 
fill the 1,000 million electric lamps produced in the same time.” 
Although neon exists only to the extent of 1 part in 55,000, 
thousands of liters of it are used annually in neon lights, 

Helium, which is present to the extent of one part in 245,000, 
is used not only in lighter-than-air craft but also in the form of 
an artificial atmosphere of helium and oxygen which prevents 
caisson disease or ‘the bends,”’ Although krypton and xenon 
are not used extensively as yet, they are known ‘“‘to increase the 
efliciency of an electric lamp filament by ten and twenty per cent. 
respectively.” 

About eighty-one per cent. of the volume of the atmosphere is 
nitrogen, After about 1830 it was obtained for agricultural pur- 
poses chiefly from the ca/iche deposits of Chile. The electric arc 
process and later the ¢,aaamide and Haber processes of fixation 
prevented a world famine in nitrogen. ‘In 1937 there were one 
hundred forty-five plants operating on the Haber process, pro- 
ducing nearly four million tons of fixed nitrogen,"’ which, after all, 
is only the amount ‘‘to be found above one-fifth of a square mile 
of the earth’s surface, In any event, the nitrogen withdrawn 
from the air almost all ultimately finds its way back again, 
through the agency of living matter... From the consideration 
of these matters, we are eventually reminded that the balance 
of Nature is the only basis of man’s-existence, . .”’ M. E. W. 

Printing inks, 1919-1939. A. E. Grsster. Chem. Industries, 
44, 385-92 (Apr., 1939).——-To sum up the developments of the ink 
industry over the last two decades: the challenge for speed and 
efficiency of printing was answered both mechanically and chemi- 
cally. In the newspaper field, better constructed presses allowed 
faster but not better printing. Chemically there was no fun- 
damental improvement. In the field of gravure printing, it was 
answered mechanically and chiefly by the introduction of the 
closed fountain. This made it possible to employ highly volatile 
solvents, drying almost instantaneously in their prints on paper. 
With the development of such inks, presses could be designed of 
greater and greater printing speed, with better exhaust systems 
for the fumes and in many cases with systems for solvent recovery. 

In the big field of publications the development goes from the 
slow-moving types of the flat-bed press or the sheet-fed, four- 
color McKee press, to the modern web perfecting high-speed 


o 


press, printing fast-drying inks at almost newspaper speed in 
black and colors on both sides, Chemically this is due to the 
introduction of instantaneously drying inks. These have broken 
with the age-old traditions of printing ink making by abandoning 
linseed and other natural drying oils, replacing them with syn. 
thetic vehicles composed of synthetic resins dissolved in syn. 
thetic solvents. 

The challenge for more color was answered by the invention of 
new synthetic pigments possessing better fastness and clearer 
shades which widened the possible color gamut. Great strides 
were made toward inks which print with high gloss, or non- 
scratch and non-rub qualities. The package industry began to 
be served by synthetic inks of fast-drying qualities being in ad- 
dition more free from odor than oxidizing linseed oil. 

The paper industry introduced some three thousand new 
makes of paper including the transparent synthetic forms like 
the Cellophanes during this period. The ink industry succeeded 
in solving the often intricate problems of printing on them. 

The roller industry made its contribution with rubber and 
synthetic rollers possessing a much longer life than the original 
glue-glycerine rollers. 

It is difficult to tell what the future will bring. However, a 
number of developments seem to be so close at hand that research 
men believe that the next twenty years will bring still more re- 
markable inks. The use of color will be still much more pro- 
nounced, and will limit black printing more and more to type. 
Even in the daily newspapers multi-colored advertisements and 
pictures will appear. Research will further improve quick 
drying by better chemistry requiring less energy output for the 
drying process. Inks, supporting still higher press speeds, 
greater efficiency, and printing precision, will undoubtedly be 
constructed. Natural drying oils will diminish in importance. 
The offset process will be given impetus through the use of fast 
drying synthetic inks on high speed web offset presses, black 
and in colors. 

Deep etched plates of longer life are imminent. Better co- 
operation will come about between the paper maker and the ink 
maker until their products are tailored for each other. Non- 
inflammable gravure inks are not far off. More effective methods 
for the dispersion of pigments in the printing vehicles will take 
the place of the three roller mills which fill every printing ink 
factory today. Better dispersions will make printing of higher 
perfection possible. 

Further application of optical principles will not only produce 
better color separations for process printing but will help to elimi- 
nate the extended handwork in photo-engraving and etching of 
the printing plates. The effect of this will be much lower cost for 
process printing with the consequence of still more color in our 
publications and books. 

Research laboratories will find a place in every printing ink 
plant and every large printing and publishing house and will re- 
place empirical tradition by scientific observation. The meas- 
urements of the printing qualities of inks, by physical instru- 
ments, will not be delayed long, with the outcome that inks, 
standardized as accurately as steel parts going into a machine, 
will perform their duties day in and day out with unvarying 
reliability and perfection. 

New materials will be printed upon, such as glass containers 
and molded resin products. Natural and synthetic textiles will 
be printed more accurately and more lightfast with pigmented 
synthetic inks instead of dye pastes. Just as papers vary in 
printing quality, so do textile materials. As ever, new formula- 
tions are evolved to meet the requirements of various types of 
cloth the extension of sharp, clear, textile printing with textile 
inks will reach into all the corners of this field. Automobile 
steel dashboards and moldings are printed today to resemble the 
grain of fine woods. Even automobile bodies might be printed 
in the future to give a more pleasing effect than the evenness of 
paint. yy wae: 
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ESSENTIALS OF CHEMISTRY. Gretchen O. Luros, B.A. Depart- 
ment of Nursing Education, Cass Technical High School, 
Detroit, and Florence Oram, B.S., M.A., R.N., Assistant 
Director, School of Nursing, Michael Reese Hospital, Chicago. 
Jean Broadhurst, Ph.D., Science Adviser, Professor of Bac- 













teriology, Teachers College, Columbia University. Third 
eed in Edition. J. B. Lippincott Co., Philadelphia, 1938. xiv + 
to the 562 pp., including laboratory manual. Illustrations and 





diagrams. 13.5 X 20cm. $3.00. 


The aim of this third revised edition is to present the basic 
principles of chemistry using practical applications from the 
nursing field, so that students of nursing shall have a foundation 
on which to build their other studies, and to give them an 
appreciation of the growing importance of chemistry in all 
phases of life. Almost half of the material is concerned with 





































<a inorganic chemistry, while the second half deals with organic 
n ad- chemistry. 

There is an endeavor to present the material so that it will be 
new usable for students who have had some chemistry previous to 
5 like their entrance in the school of nursing, as well as for those who 
eded Bf have not. 
and The reviewer feels that the authors have written an excellent 
ginal textbook for nursing students and have accomplished their 

stated purpose. From the bright end papers with their re- 
er, a minder of modern chemistry’s progenitor, alchemy, through the 
arch last few pages in the Laboratory Manual for the instructor’s 
e re- use, this book retains its appeal. 
Pro- It is replete with aids for teaching, and facilitating the learning 
= of students. The reviewer finds her students appreciate the 
ick “Personal Word” preface and the Preview of each Unit. It also 
the seems to her to be a better plan to start with necessary definitive 
eds, explanations concerning atoms, their structure, molecules, for- 
r be mulas, valence, and equations and then proceed to oxygen, 
nce. hydrogen, and other important elements and their compounds, 
~_ than to begin with water, oxygen, and so forth, as many books 

do. 

Abundant dark-type topic headings should foster studying 
co- P eRe é ; 
ink with a purpose and make reviewing easier. Other features which 
‘on- make this a good textbook are, simple, but comprehensive 
‘ods previews at the beginning of each unit, factual reviews opening 
ake many of them, and detailed summaries ending each unit, and 
ink these last, also, have emphasis placed on key words by darker 
her type printing. 
saad There is an abundance of question material for self-testing 
na and group examinations, both of the essay type and the newer 
- of objective type. 
for This is a good textbook for schools of nursing for many reasons. 
our (1) It follows the suggested outline in the Curriculum of the 

National League of Nursing Education, which is trying to in- 
nk sure at least minimum standards in nursing schools. 
re- (2) The time allotted for chemistry in schools differs from 
a a minimum of twenty to thirty hours fixed by the state to ninety 
“ or one hundred hours in university nursing schools, and I 
1, have found this book adaptable to these variations. 
ng (3) The emphasis throughout is on elements and compounds 
particularly useful in therapeutics with, in many cases, explana- 
TS tions of why they are being used and their effect. 
ill (4) Part II ‘‘Organic Chemistry’”’ puts less stress on memor- 
ed izing of structural formulas and more emphasis on physiological 
“ chemistry, and the need for nurses to have a scientific basis for 
of their knowledge about, and use of, carbohydrates, fats, proteins, 
le vitamins, anesthetics, and so forth. 
le The reviewer has tried to keep the teaching of Units Ten 
e through Fourteen concurrent with the study of the digestive, 
d excretory, and regulatory systems in anatomy and physiology 
f and has been encouraged by the results of this, over previous 






programs. 
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The illustrations and diagrams are clear, well placed, and 
valuable. The reviewer has, however, wished for more of them, 
finding it necessary often to use other books as illustrative 
references. 

In our small school, we have found that the Laboratory 
Manual fits our situation quite well. The experiments are 
sufficient in number to demonstrate the concepts, and the equip- 
ment suggested is not too elaborate or expensive. 

The reviewer would heartily recommend this book to be used 
as a textbook in schools of nursing. She thinks it would also 
lend itself well to the teaching of home economics students. 

Iris A. JETTE, R.N. 


Sturpy Memoria HospitauL 
ATTLE“ORO, MASSACHUSETTS 


A LaBorATORY MANUAL oF ORGANIC CHEmiIstTRY. Roger J. 
Williams and R. Q. Brewster. D. Van Nostrand Company, 
New York City, 1939. Third Edition. xiii + 217 pages. 
26 figs. 14 KX 22cm. $2.00. 


This manual is ‘‘suitable in spirit and content to be used with” 
the senior author’s INTRODUCTION TO ORGANIC CHEMISTRY, to 
which references are made throughout the book. It is intended 
primarily for students of first-year organic chemistry who may 
have limited hours for work, and for this reason many of the ex- 
ercises are of such character that they can be completed in one 
laboratory period. There are, however, some longer experiments, 
such as the malonic ester, acetoacetic ester, and Skraizo syntheses. 

The two hundred eight pages of text are apr .cd as follows. 
A preliminary section of fourteen pagesis de -<d to exercises on 
some general laboratory operations. Theres ‘the test presents 
successively one hundred thirty-seven exerci +s (one hundred six 
pages) in aliphatic chemistry, seventy-eight exercises (seventy- 
four pages) in aromatic and heterocyclic chemistry, and finally a 
brief introduction to organic qualitative analysis, occupying 
thirteen pages, of which six are devoted to tables of compounds. 
A three-page appendix gives directions for preparation of some 
special reagents, a table of densities and boiling points of some or- 
ganic liquids, and an abridged table of atomic weights. The in- 
dex occupies five pages. 

The experiments illustrate the reactions and methods of prepa- 
ration appropriate to an elementary course. In any ordinary 
course it will be necessary to include only a selection of the nu- 
merous experiments described, some of which present alternative 
procedures. To assist this selection there are given two lists of 
experiments, grouped into three-hour periods, and suggested as 
suitable for shorter and longer courses of thirty-four and sixty- 
eight periods, respectively. The experiments are on the whole 
conventional, most of them appearing in other familiar manuals. 
The number of brief experiments of the test-tube variety, includ- 
ing some rather special tests, appears to be relatively large. In 
earlier preparative experiments yields are not emphasized and are 
sometimes not mentioned; later experiments usually state defi- 
nitely the yields to be expected. Several individual features may 
be mentioned, viz., the use of the modified Castellana decompo- 
sition preliminary to the qualitative test for nitrogen; a test for 
peroxide in ether; the inclusion of a number of exercises on sepa- 
rations of mixtures and preparations of identifying derivatives, 
which serve as preliminary studies for the work in qualitative 
analysis; experiments illustrating various kinds of dyeing (di- 
rect, mordant, ingrain, vat, pigment); and the following prepara- 
tions: tert.-butyl chloride, dimethylglyoxime (using in the 
second step an extemporized solution of hydroxylamine sodium 
sulfonate), urea-formaldehyde resin, iodobenzene from benzene 
by action of iodine and nitric acid, phenol-formaldehyde resin, 
benzophenone by Friedel-Crafts synthesis from benzene and car- 
bon tetrachloride as an alternative to the preparation using ben- 
zoyl chloride, and quinone by bromic acid oxidation of hydroquin- 
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one, ‘The experiments on cyanides, proteins and carbohydrates 
are more numerous than is usual in elementary manuals, A com- 
mendable feature of the ethyl acetate experiment is the inclusion 
of the compositions and boiling points of constant-boiling mix- 
tures of ethyl acetate, alcohol, and water, This will explain, and 
help to avoid, a difficulty often encountered by students, The 
usefulness or appropriateness of a few experiments may perhaps 
be questioned, ¢, ¢ , three methods for making methane; the test 
for formaldehyde in milk; the preparation of formic acid from 
oxalic acid; two procedures for the preparation of thiocarbanilide; 
the preparation of phenyl isothiocyanate and triphenylguanidine; 
the benzilic acid rearrangement; the purification of benzene; 
the preparation of phenylmethylpyrazolone; the preparation of 
iodobenzene dichloride, 

The procedures are in general clearly described. The object 
of each exercise, if it is not made obvious in the heading, is stated 
briefly at the outset, Several chapters are introduced by reac- 
tion charts which indicate the transformations to be effected, 
Many experiments include interpolated questions (to be an 
awered in the notebook) designed to induce the student to think, 
The apparatus required will present no problems, The less 
simple outfits are shown by line drawings. The use of a heated 
funnel for filtration of hot solutions prior to crystallization is not 
mentioned 

There are a few places in which the directions appear to be in 
sufficiently explicit. Thus it is stated that melting-point tubes 
should be “about 1.5 mm, in diameter,” and that the melting 
point is the temperature at which the substance begins to melt.’”’ 
In the test for halogen in presence of nitrogen and/or sulfur “a 
portion of the filtrate is acidified with nitric acid and boiled,” di- 
rections which some students may follow faithfully (if not intelli- 
gently) and still get a fallacious test for halide, The distinction 
between methyl and ethyl alcohols, based on the formation of the 
salicylates, one of which ‘may be identified by its odor,’’ seems to 
need some clarification. The directions for the preparation of 
tribromophenol do not mention the formation of tribromophen- 
oxybromide nor provide for its reduction, The Schotten-Bau- 
mann reaction is so presented that a student taking the short 
course may conclude that this named procedure is limited to 
preparation of benzoic esters by use of benzoyl chloride. 

rhe authors have not been consistently careful with respect to 
the inclusion and the strategic placing of directions for avoidance 
of fire and other hazards, The first explicit information as to a 
safe procedure for recrystallization from volatile and inflammable 
solvents is given following the preparation of m-dinitrobenzene, 
an exercise which is omitted from the short course and is normally 
reached in the long course only in the forty-second period, 
Crystallizations from inflammable solvents are directed in a 
number of earlier experiments (including the first experiment in 
the manual), in one case with a parenthetical caution, but in no 
case with a cross reference to the explicit directions in the later 
section, The experiment on the preparation of methyl cyanide 
from acetamide (twenty-third period) includes a caution with re- 
spect to burns from phosphorus pentoxide, which information is 
withheld in several earlier experiments in which phosphorus pent- 
oxide is used, pés., in the preparation of ethylene (optional ex- 
periment for the fourth period) and in drying ether for the Grig- 
nard reaction (fifteenth period), The student is directed to keep 
his anhydrous ether over sodium metal, but is given no suggestion 
as toa safe procedure for the eventual disposal of the residual so- 
dium, though this operation involves probably the most serious 
single fire hazard in the student laboratory. The poisonous and 
irritating properties of phenylhydrazine are mentioned in the 
experiment on osazones, but are overlooked in the directions for 
the preparation of phenylhydrazine (optional about seventeen 
periods later), involving isolation of the base by extraction in 
ether, <A degree of caution which seems excessive appears in the 
experiment on ether, where the impression is created that the 
preparation of ether is hazardous and is advisedly done as a dem- 
onstration by an instructor. In the opinion of the reviewer the 
student should perform this experiment as a valuable lesson in the 
control and codrdination of experimental conditions. The fire 
hazard should be no greater than in ether extractions, crystalliza- 
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tions from inflammable solvents, and disposal of sodium residues, 

The section on qualitative organic analysis suggests several 
steps in the preliminary attack (ignition test, determination of 
physical constants, elementary analysis, determination of the 
solubility group, and test for acidic or basic character using “uni. 
versal” indicator paper), but the selection of the further proce. 
dures is left to the student, who has already done some experi. 
ments (in the preparative course) on separations and on prepara- 
tion of derivatives. ‘The “unknowns” are selected from a list of 
one hundred thirty-one compounds, representing most of the 
classes studied. Many of these compounds will have been en- 
countered previously in the course and should be easy to identify, 
The compounds are tabulated first in approximately the order in 
which they appear in the organic text, with the solubility group 
indicated for each compound, and then in the order of ascending 
melting points of solids and of ascending boiling points of liquids, 
“No attempt is made to present a ‘fool-proof’ scheme of analysis 
which will make mental effort and alertness unnecessary. It is 
expected that students will make mistakes but that they will 
learn as they proceed.” 

The index lists principal topics and compounds made or 
studied, It is brief, and does not consistently include processes, 
apparatus, and reagents, The omissions are probably unimpor- 
tant in a book of this type. 

The text is not as free of typographical errors as would be ex- 
pected in a third edition, though the number and the character of 
the errors are not such as to mar the book, One misspelling by 
no means peculiar to these authors involves the name Tollens, 
There are no less than twelve appearances of its possessive form 
as ‘'Tollen’s,”’ 

The reviewer is not well enough acquainted with previous 
editions of the manual to estimate the amount of revision repre- 
sented by the third edition. The changes mentioned in its pref- 
ace include the omission of some experiments of doubtful value 
and the substitution of several ‘improved preparations,’’ many 
changes in detail in the text, and expansion of the section on quali- 
tative analysis. The book has many merits, can unquestionably 
be made to serve as the essential guide for a thorough elementary 
laboratory course, and has enjoyed a deserved success. 

The book is bound uniformly with Dr. Williams’ textbook, and 
is printed on rather soft paper. The publishers’ admonition 
(following page xiii) to the student to keep the manual in his 
reference library may be applauded in principle but is perhaps 
not altogether ingenuous. The reasons advanced are not wholly 
valid in the case of an elementary laboratory manual (which is 
not a ‘‘textbook”’ and which has not been ‘studied from cover to 
cover”) but if the notice helps to curb the traffic in second-hand 
laboratory manuals (a result possibly not unforseen by the pub- 
lishers) it will also aid teachers of organic chemistry, in whose 
courses the seasonal reappearances of used manuals, freely and 
often inaccurately annotated by previous owners, constitute a 
deterrent to accurate work, careful observation, and cerebral ac- 
tivity. 

E. C. WAGNER 


UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 


LABORATORY Units in CuHemistry. William McPherson and 
William Edwards Henderson, Ohio State University, and 
George Winegar Fowler, School of Education, Syracuse Uni- 
versity, and Supervisor of Science, City Schools, Syracuse. 
Ginn and Company, New York City, 1938. xii + 329 pp. 

17.5 X 23cm. §$.80. 


LABORATORY Units IN CHEMISTRY is 4 laboratory manual and 
study guide for high-school chemistry. The manual is especially 
designed to accompany the book, CHEMISTRY AT WorRK, but may 
be used with other texts. The book contains fourteen units, the 
nature and purpose of which can be best portrayed by giving some 
description of the divisions within each unit. Each of these 
units is composed of the following sections: Question Survey, 
Study Outline, Optional Work, Unit Readings, Problems, Helps 
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for Optional Work, and Organization of the Unit in Question 
Form. Before discussing these topics briefly it may be helpful 
to quote a few sentences from the preface of the manual which 
will state some of the beliefs and aims of the authors, ‘‘Mastery 
of subject matter, growth in knowledge of how to study, and 
training in self directed work and in initiative are large factors 
in the learning process, for which definite provision is made in 
LABORATORY UNITS IN CHEMISTRY.... Teachers of chemistry 
recognize three major problems: (1) how to relate the laboratory 
work to the study of the text; (2) how to adapt the material of 
their science and the work in the classroom to the individuals in 
agroup; and (3) how to test the important ‘outcomes’ of teach- 
ing. To help in solving these problems successfully the authors 
have brought together in LABORATORY UNITS IN CHEMISTRY a 
combination of laboratory experiments and directed study activi- 
ties, as a complement of CHEMISTRY AT WoRK.” 

The ‘Question Survey” of each unit consists of a series of ques- 
tions which may be answered during the study of some of the ex- 
perimental work, which the student may sometimes answer out 
of his general knowledge, or which he may be expected to answer 
on the basis of a combination of reading, general observation, and 
study of the material in the unit before him. In general, these 
questions are very good and if answered carefully would represent 
an understanding of the material at hand. 

The ‘Study Outline” of each unit is composed of various 
“Topics” and “Directed Study” for the topics. Some of these 
topics would require some experimenting and a good deal of out- 
side study on the part of the student and should result in the ac- 
quiring of a large amount of information. Some would require 
knowledge based on observations at home, in shops, factories, and 
elsewhere in addition to that obtainable from books. 

The section in each unit on ‘‘Optional Work” includes a series 
of questions which are headed, ‘‘Do you believe?” At the close of 
each unit the student will find a series of Helpful Suggestions for 
the study of material which is intended to bring him to a conclu- 
sion in regard to his belief on the question before him. A few of 
these questions selected at random from various units may help 
to make this part of the unit clear. A few of them run, “Do 
you believe 

(a) That Scheele was the first person actually to see a gaseous 
element? 

(b) That golden hair can be made through chemistry? (Totry 
to find an answer to this the student is told to bleach hair 
with hydrogen peroxide, and so forth.) 

(c) That Moseley’s discovery of atomic numbers was greater 
than Lavoisier’s discovery of the cause of fire? 

(d) That bromides and iodides are salts?” 


Many of the questions included in this ‘Optional Work’ ’seem to 
the reviewer to be much less valuable than they might be. Or, 
at least, it seems to the writer that the heading, ‘‘Do you believe” 
is a less helpful approach than some other might be. 

The section of each unit entitled ‘‘Unit Readings” contains an 
excellent and full list of readings taken from a wide range of books 
and journals which the student should find interesting and help- 
ful. Next in each unit comes the section headed ‘‘Problems.”’ 
These are composed of the directions and report sheets for the ex- 
perimental work of each unit. These experiments follow rather 
closely the classical experiments for a high-school text with a 
somewhat larger number of the type that may be classed as ex- 
periments in organic chemistry, household, or every-day chemis- 
try than is customary in many texts. A number of them em- 
phasize practical applications of chemical principles. These 
pages contain many blank spaces for the report on the experiment 
and the answering of questions. Immediately after each experi- 
ment, which is called a problem, there is a section called ‘‘Self 
Test’’ for the problem. This work is intended to test the stu- 
dent’s ability to think scientifically. In this section a problem, 
a fact discovered by experiment, is stated. Following the state- 
ment of the problem is a series of statements containing the cor- 
rect answer to the problem. The student is expected to find and 
check this correct answer. Another series of statements in- 
cludes among correct and incorrect statements the reason for the 
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correct answer. The student also finds and checks the correct 
one of these. This completes his test of his own ability to 
“think scientifically.”” In other words, the method used in this 
part of the unit to test the student’s ability to think scientifically 
is the reading of statements prepared by some one else and the 
checking of the one that seems to fit the case. He does not have 
to formulate any questions himself, visualize reasons and words 
of his own ‘‘making,” or express his thought‘in a statement of his 
own. He merely runs over statements of another and checks 
two of them. The reviewer wonders about the consequences of 
giving the students the impression that ‘‘scientific thinking” is as 
easy as this. 

The last material in each unit is called ‘Organization of the 
Unit in Question Form.” This consists of a series of questions to 
be answered as “true” or “‘false’”’ or questions with blanks to be 
filled in with a word or two. These are intended to help the stu- 
dent summarize the points brought out in the experiments of each 
unit. 

The manual, LABORATORY UNITS IN CHEMISTRY, contains an 
abundance of material to meet the needs of the most rigid high- 
school course. The book is quite free from actual errors, but is 
much less free from the loose usage of words. It seems to the re- 
viewer that this careless use of words is not far from actual 
error and is particularly unfortunate in a book intended for the 
student just beginning to acquire a scientific vocabulary. In 
view of the fact that the modern interpretation of the structure of 
the atom is presented and used in a number of questions one is 
surprised to find oxidation referred to as a gain of oxygen and 
reduction as the reverse of this. And, one can hardly excuse 
even one such error as the following: Hydrochloric acid is used 
for the preparation of chlorine ‘“‘because the hydrogen of the acid 
may be removed by oxidizing it to water, leaving the chlorine in a 
free state.’ Aside from the rather prevalent loose usage of words, 
perhaps the most adverse criticism the reviewer might pass is one 
on the order of presentation of material which does not seem very 
consistent with the purpose of developing the reasoning ability of 
the student. For instance, the non-metals, the chemistry of 
which is more difficult than that of the metals, are studied before 
the metals, thus making the work on non-metals more largely 
memory work than necessary. It is difficult, too, to understand 
what the authors expect by way of equation writing because one 
finds, for instance, the simple equation for the reaction between 
silver nitrate and hydrochloric acid in water solution written out 
in detail with the names above each compound pages after the stu- 
dent has been asked to write the equation for the preparation of 
hydrogen peroxide and after he has been expected to ‘‘explain the 
bleaching action of chlorine.” 

Although this manual seems less good in many respects than 
the classical books of McPherson and Henderson it is a manual 
which is, by no means, too easy and is one that will interest many 
of those looking for something rather new in high-school labora- 
tory outlines for chemistry. But one who knows the former high- 
school books of the above authors will feel that this is not a wholly 
worthy attempt to ‘‘modernize”’ the older books. And one hopes 
that a revision of LABORATORY UNITS IN CHEMISTRY will result 
in a more careful use of terms and in some rearrangement of mate- 
rial which will lift more of the work above the level of a memory 
basis. 

H. H. FIL_incer 


Houiins COLLEGE 
HOLLINS, VIRGINIA 


A SystEM OF CHEMICAL ANALYSIS FOR THE COMMON ELEMENTS. 
Ernest H. Swift, Ph.D., Associate Professor of Analytical Chem- 
istry, California Institute of Technology. Prentice-Hall 
Inc., New York City, 1939. xxi + 589 pp. .15 X 23 cm. 
$4.25. i 
This addition to the well-known series of text and reference 

works of the Prentice-Hall Chemistry Series edited by Wendell 

M. Latimer is the result of ten years of development and practical 

investigation of the serviceability of ‘‘an analytical system which 

would provide not only reliable and sensitive qualitative informa- 
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tion in regard to the constituents present in the material being 
analyzed, but also, without an undue expenditure of time or 
labor, sufficient quantitative information to eliminate in many 
cases the need for further quantitative determinations.” 

This text is divided into three parts: Part I, one hundred forty- 
nine pages, ‘“The Preparation of Standard Solutions’’; Part II, 
two hundred fifty-four pages, ‘‘The System of Analysis for the 
Basic Constituents’; and Part III, ninety-three pages, ‘“‘The 
System of Analysis for the Acidic Constituents.” In addition 
there is an Appendix, fifty-five pages, consisting in a suggested 
course of instruction, questions and problems, reagents and chemi- 
cals, tables of solubility products, oxidation potentials, ioniza- 
tion and dissociation constants, and atomic weights. Through- 
out the text material there are eighteen pages of tabular outlines. 
There is no author index. The subject index of twenty-five pages 
is very complete. 

Part I contains twenty-one pages dealing with the analytical 
balance followed by ninety-eight pages dealing with the prepara- 
tion and standardization of silver nitrate, ammonium thiocyanate, 
permanganate, ferrous sulfate, iodine, thiosulfate, standard acid, 
and standard base. There is an excellent discussion of the elec- 
trochemical significance of oxidation and reduction reactions, 
limitations in the use of concentrations in the mass action expres- 
sions, and a short discussion of oxidation-reduction indicators, 
acid-base indicators, and adsorption indicators. The volumetric 
applications of dichromate and ceric solutions as well as iodates 
are mentioned but net described in actual use. The remainder 
of Part I consisting of forty pages deals with the principles and 
applications of gravimetric analysis discussed under the headings 
of solubility effects, co-precipitation, character of precipitates, 
and the filtration of precipitates. Since the procedures of esti- 
mation in the quantitative determinations are practically ex- 
clusively volumetric in principle the discussion of precipitation is 
directed mainly to the qualitative procedures of the separation of 
the basic constituents in the sample. 

Part II consists of a system of qualitative analyses for the 
basic constituents which is largely conventional and does not 
avoid the use of hydrogen sulfide and includes only the commonly 
included constituents. Following each qualitative separation a 
quantitative scheme of analysis is described, in most cases a volu- 
metric procedure. Methods are selected which emphasize speed 
rather than precision. This feature of the text is unique and 
forms the basis for the title page description, ‘“A System of Chemi- 
cal Analysis (Qualitative and Semi-Quantitative).’”’ The mate- 
rial of Part II is exceptionally well organized, complete, and exact- 
ing. The theoretical considerations are emphasized and the 
material, both qualitative and quantitative, is replete with experi- 
mental studies of limitations in accuracy and trial applications. 

Part III deals with the aci ic group separations, identifications, 
and estimations. This section deals with the preparation of the 
solution for analysis and preliminary tests, the detection of oxi- 
dizing and reducing ions the cyanide, halide and oxy-halogen 
groups as well as the sulfate, sulfite, oxalate, fluoride and chro- 
mate ions. The estimation of these various constituents then 
follows and the treatment in this part is along the same lines as 
that in Part II. 

The Appendix consists of material appropriate to the text as a 
whole. The table of Molal and Formal Reduction Potentials is 
the most instructive the reviewer has found from any source. 

This system of chemical analysis is a distinctly new departure 
in the field of instruction in qualitative and quantitative analysis. 
The principle of semi-quantitative estimation following qualita- 
tive separations following the usual schemes may be expected to 
show an influence toward greater precision in the qualitative 
separations. The influence of this new system as related to the 
teaching of quantitative analysis might be predicted to have an 
undesirable effect. It is contended in this course of instruction 
that the quantitative procedures are as accurate as the preceding 
qualitative separations. The same quantitative determinations 
apart from the previous qualitative separations in general would 
certainly not meet with approval when compared with other 
more suitable and precise procedures. By the proposed new 
scheme the classroom hours devoted to qualitative and quantita- 
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tive analysis instruction may be lessened when compared to pres- 
ent practice. For this reason the new scheme might prove popu- 
lar in the case of such groups of students as premedical, or agri- 
cultural classes, or chemical engineers. The number of adop- 
tions of this text into teaching practice is speculative. The 
teaching skill required to successfully supervise its introduction 
would of necessity be of a high order. 

The author of this text gives evidence of a thorough knowledge 
of the fields of qualitative and quantitative analysis. The ref- 
erences cited are numerous and well chosen. The treatment is 
strictly up-to-date, and many recently developed procedures 
which are outstanding developments are included. The author 
does not hesitate to include procedures in the use of perchloric 
acid which are undoubtedly better than substitute procedures, 
These include destruction of organic matter, solution procedures, 
and separations and determinations in the field of the alkali 
metals. It is refreshing to see use made of the iodine monochlo- 
ride reactions which have been previously generally ignored in 
quantitative texts and to find distillation procedures other than 
the Kjeldahl nitrogen determination recommended and em- 
ployed. 

One of the most valuable aids to teaching which this text intro- 
duces is the system of cross references to various portions of the 
material by use of letters, figures, and Roman numerals, and com- 
binations thereof. This system recalls the type of treatment in 
the volume, METHODS OF ANALYSIS OF THE A. O. A. C., but its use 
seems to be more effective than in the case of the latter reference. 

The text has illustrations and diagrams which, while not 
numerous, are well done. The publishers have composed the 
material in an attractive, efficient manner and the contents are 
remarkably free from typographical errors. A few errors only 
were noted although no particular search was made. On page 89 
the voltage given for the oxidation of ferroin is —1.2 volts instead 
of —1.14 volts. On page 86 divalent iron is oxidized to trivalent 
iron which is marked as if divalent. On page 268 Boedyreff oc- 
curs instead of Boldyreff on the last line. 

Teachers of both qualitative and quantitative analysis should 
not consider their library complete without this text. A thorough 
study of its new innovations may be expected to stimulate 
thought and effort in both fields of study, in research and teach- 
ing. The thorough examination of its contents may develop into 
a surprising number of adoptions of the text in university and 
college teaching. The author is to be commended for his bold 
departure from the usual conventions and the thorough treatment 
his text has attained. 

G. FREDERICK SMITH 


UNIVERSITY OF ILLINOIS 
URBANA, ILLINOIS 


Gas Anatysis. A. McCulloch. H. F. and G. Witherby, Ltd. 
W.C. 1, London, 1938. 166 pp. 14.5 X 22 cm. 7/6 net. 


The book is intended to meet the need of a short text suitable 
for students taking laboratory courses in fuel technology. It 
presents a condensed version of material originally published in 
adequate detail. Its chief interest to American readers lies in 
the brevity with which the English technology is reviewed. This 
is done chiefly by the description of five types of apparatus which 
are said to meet the requirements of the examination of prac- 
tically all technical fuel gases. The apparatus are: Bunte, 
Orsat, Buckley-Sinnatt, Bone and Wheeler, and Haldane. Of 
these, the Bone and Wheeler is worthy of serious consideration 
on the part of American readers, who otherwise are more fortu- 
nate in the manner of available apparatus and technic.... 
In addition, there are brief chapters on Absorbents, Combustion, 
Miscellaneous Determinations, Calorific Value, and the usual 
Appendices. . Without considerable assistance from the 
instructor, the book would scarcely serve as a laboratory manual, 
or as a sufficiently comprehensive text. 

MARTIN SHEPHERD 


NATIONAL BuREAU OF STANDARDS 
Wasuinocrton, D. C. 
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ANNUAL INDEX—JOURNAL OF 
CHEMICAL EDUCATION 


The annual index for Volume 16 of the JouRNAL oF CHEMICAL EpDuCATION is divided into two parts—an 
Author Index and a Subject Index, each alphabetically arranged. Letters (Ar), (Ab), (B), (C), (E), (F), and 
(P) have been used after the various items to designate, respectively: article, abstract, book review, correspond- 


ADAMS, F. W. Opportunities for women 
as research bibliographers (Ar)........ 
Avpacn, W. Experiments on the solu- 
bility of hydrogen in iron (Ab)....... 
LEN, J. S., ef al. Atoms, rocks, and 
MOOI oie os ace Vets oceans et ewe 
AvmFe._t, C. H. anp C. R. McCrosky. 
An apparatus for dispensing dry gase- 
ous and liquid ammonia (Ar)......... 
Atyga, H. N. A simplified nomenclature 
rd a9 proton transfer concept of acids 
Bibliography for general chemistry from 
several periodicals. III. Fortune mag- 
RIO ONE 5 bat Kae ON CAEN cece ee Bees 
Lantern slide technics (Ar)............ 


AMUNDSEN, L.H. Laboratory experiments 
for undergraduate organic chemistry. 
II, III, and IV. The preparation of 
lysidine, 2,3-dihydro-5,6-diphenylpyra- 
zine and 2,3-diphenylpyrazine (Ar).... 
ANDERSON, N. J high-school project in 
chemical research. The preparation of 
skin emollients, lotions, and cleansers 


AnscHuTz, R.—See RICHTER, V. VON. 
Arenson, S. B. Lecture demonstration 
experiments in general chemistry (C). 
The solutions of problems in quantitative 
analysis (B 
ARMSTRONG, E. V. Joseph Priestley (1733- 
1804) (Ar) 


—anpd H.S.LuKxens. Lazarts Ercker and 
his ‘‘Probierbuch.” Sir John Pettus 
and his ‘‘Fleta Minor” (Ar).......... 

ArnpT, E. anp K. E. Pitrer. The im- 
portance of lanthanum as an industrial 
Ge MRKORT CBD) eo oc. viwcccss noeees 

Aronovsky, S. I. Thomas Graham to 
A. W. von Hofmann (C)............ 

AsTELL, L. A. Significant aspects of visual 
aids in chemical education (Ar)...... 

ATKINSON, E. R. anp A. H. HuGcHes. The 
“coelum philosophorum” of Philipp 
nach ss savdccacteruvncen ee 

ATK1Inson, W. H. Filtering gas through 
MGR bic cin tar tree neebwustee 

AuprieTtH, L. F.—See Boorn, H. S. 


BAILAR, J. C.—See Boorn, H. S. 
Barnge, O. The preparation of sulfanil- 
ON CR. sins sabes ouee sence eds ce 
Baker, R.A. The construction of a water 
hammer—a student project in glass 
ESE EE ree pees 
Batcu, R. T.—See Paring, H. S. 
BANDERMANN, H. E. Reforms for ad- 
vanced higher education (Ar)........ 
Barser, H. H.—See Maynarp, J. L. 
Barcer, G.—See ILLINGWORTH, R. E. 
Bartow, V. Chemical genealogy (Ar).... 
Baupiscu, O. Magic and science of nat- 


ural healing waters (Ar).......... ve 
BeicHer, J. E. anp G. Y. WILLIAMs. bh 
course in qualitative analysis (B)..... 
Bennett, H. Standard chemical and 
technical dictionary (B)............. 
BENTHAM, Some seventeenth cen- 


tury views concerning the nature of 
heat and cold (Ab 
Beri, E. Georg Lunge (1839-1923) (Ar). 
BERMINGHAM, J. Mnemonic devices in 
NNO: CHODe occas tas o5 Rene be cere 
BIL_inGerR, R. D. The Chandler influence 
in American chemistry (Ar 
Bittz, W. Ausfiihrung qualitativer analy- 
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BiLancHarpD, A. A. Unlearning (Ar).. 
Bopansky, M. Introduction to physio- 
logical chemistry (B)........cssecees 
Laboratory manual of 
CI SU a ore oo Garvas a cacao ta ot 
BopENBENDER, H. G. Progress in the 
staple rayon industry (Ab).......... 
Boortn, H. §S., editor-in-chief, L. F. Avu- 
DRIETH, J. C. Bartar, W. C. FERNE- 
Lius, W. C. JOHNSON, AND R. E. Kirk. 
Inorganic syntheses, Volume I (B)... 
Bour.anp, J. F.—See Bowen, C. V. 
Bowen, C. V., J. F. BouRLAND, AND E. F, 
DEGERING. A qualitative test for oxy- 
gen in organic compounds (Ar)....... 
BRADBURY, M.—See Hopkins, B. S. 
BRADSTREET, R. B. The standardization 
of volumetric solutions (B).......... 
Baa O. L. Chemistry and its pseiea 
Bray, J. L.—See Foros, J. T. 
Brescia, F. AND . ROSENTHAL, 
atomic weight of hydrogen (Ar)...... 
BREWSTER, R. Q. Objectives of the first 
course in organic chemistry (Ar)....... 
—See WiiuiaMs, R. J. 
Brinton, P. H. M.-P. The interpretation 
of spectrographic analysis (Ab)....... 
BROCKMAN, . J. Qualitative analysis 
without hydrogen sulfide (Ar)........ 
Brookes, A. New process red lead (Ab). 
Brooks, R. J. Gas generators (Ar)...... 
Bruce, G. H. High school chemistry (B). 
Burrows, G. H. thermoregulator of 
easy construction (Ar).......ccceee. 
BuTENANDT, A. New problems of bio- 
logical chemistry (Ab)............... 


CADY, H. P. Beginnings of the helium 
Te CMR oe ee os cone cienes 
CaLpERwoop, H. N. A portable self-clos- 
ing hydrogen sulfide dispenser (Ar)... 
A simple durable protector for cork stop- 
I tas 0 8 ai cinnct ne 440 620 anes o 
CaMPBELL, A. N.—See Finpvay, A. 
CapPEL, N. O.—See Watt, G. W 
Cassipy, H. G. Adsorption analysis: 
Tswett’s chromatographic method (Ar) 
Reductor tubes of rugged design (Ar)... 
Cxamot, E. M. anp C. W. Mason. Hand- 
book of chemical microscopy, Volume 
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CHANDLER, E. E. Hydrogen sulfide gen- 
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Cuao, Tinc-Pinc. A systematic analysis 
of the common anions (Ar).......... 
Cueronis, N. D. Laboratory experiments 
for an introductory course in organic 
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The use of semi-micro ee! in elemen- 
tary or chemistry (Ar).......... 
cu F. William Peet (1785-1850) 
CrarK, P. E. The effect of the nature of 
the course on achievement i in first-year 
college chemistry (Ar)............... 
- John Jacob Abel, 1857- 
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Currrorp, C. W. The growing of rochelle 
salt crystals for radio experiments (Ar) 
Corer, M. A. Some pointers for the home 
SRI Ce pn 40. 65 0 ses waccyaawn 
Comincs, E. W. Thermodynamics for 
chemical engineers (Ar)............. 
Conway, W. J. Transparent projections 
of lecture experiments (Ar).......... 
Corsett, C. Chemistry and the medical 
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CorTELyou, E. H.—See Cortgetyou, W. P. 
CorTELyou, W. P. anv E. H. Corrteryovu. 
A discussion of the proposal for co- 
operative junior research (Ar)........ 
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DAINS, F. B. Christian Wilhelm Blom- 
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Dake, R.E. The history of chemistry at 
Phillips Fe kd) ae 
Davies, W. anD R. D. Patrer. Atomic 
energy released (Ab).............006 


Davis, R. E.—See Hopkins, B. S. 

Davis, T. L. Decorative bronzes in the 
George Eastman Research Laboratory 
of the Massachusetts Institute of 
era ee 

— AND Yun-Ts’unc. Chang Po-Tuan, 
Chinese alchemist of the eleventh cen- 
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DEGERING, E. F. Objective tests in or- 
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The quadri-service manual of organic 
CUMNEEE CURIS a 5 oo ic cnins & cankicnas a 
The use of objective tests in organic 
WIE GOB oo inc ic xc wo needéccnne 
he use of semimicro-methods in under- 
graduate instruction (Ar)............ 

—See BowEN, 

De Mitt, C. Robert Hooke, chemist (Ar) 

Deminc, H. G. An introduction to the 
phase rule. (Ar) PartI........ conn 

PORE Bae ccs addi vecisncanensdedceaaua 

Desna, L. 4? AND L. H. FARINHOLT. 
periments in organic chemistry (B).. 

Dewey, J.—See Watson, D. L. 

Dossins, J. T., E. C. MarkHam Anp H. L. 
Epwarps. A scheme of qualitative 
analysis, perenne the use of organic 
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DOERMER, A simple cracking experi- 
ment (A 

Dovucvass, % B. Some chemical features 
of Yellowstone National Park (Ar). . 

Ducournau, A. L. A device for drying 
laboratory po a) ee 

Dyment, S. A. Eighteenth century ideas 
concerning aqueous vapor and evapo- 
SONS Geéca ceeds ns tnebarvceouenas 


EDWARDS, H. L.—See Dossins, J. T. 
Ec.iorr, G. Physical constants of hydro- 
GNI RN os ov. 6 hoc ce nccnedvutnceas 
The A me factor in chemical indus- 
Dn dhe bona niceimeeaenenen ea 
Euuts, C. Solvents and plasticizers 1918— 
— CRM ecsvectunas dtcasaccetees 
xxX gy compilation of chemical 
pro ME cd sede toes te wae cence 
ENGELDER, 2 J. Lahesstery, record book 
of a — en ssécaed 
ESssELEN, G. Scott. Modified 
plastics, 1918- Pore Sine wide as ee 
Evans, R.C. Crystal structure analysis in 
modern chemistry (Ab) 


FAITH, W.L. The unit process—thermal 
decomposition (Ar)....... 

FaRINHOLT, L. H.—See Desna, he J. 

FEATHER, N. The production and proper- 
ties of neutrons (Ab) 

Fevsinc, W. A. Chemical resources of the 
IR cc ccedcéeuve cus ccees 

—See Scnocn, E. P. 

FERNELIuS, W. C.—See Boortn, H. 

Frievtp, C. Refrigerants 1918- 1938 Sab).. 
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Finpvay, A., revised with the assistance of A. 
N. Campsgiy. The phase rule and its 

applications (B) 

Fink, C. . Electrochemistry of rare 
metals (Ar) 

FisHer, H. L. Laboratory manual of or- 
ganic chemistry (B) 

FitzGEraLp, G. F. Changing processes of 
petroleum refining ( 

Foster, L.S. Report of the New England 
Association of Chemistry Teachers’ 
Committee on College Entrance Exami- 
nations (Ar) 

Why not modernize the textbooks also? 
I. The periodic table (Ar) 

— anv I. J. Gruntrest. Demonstration 

imag using universal indicators 


Foster, L.S.—See MacPuan., A. H. 

Fotos, J. T. ano J. L. Bray. German 
grammar for chemists and other science 
students (B) 

Foros, J. T., R. N. SHREVE, AND J. L. Bray. 
German instruction from a chemical 
viewpoint (Ar) 

Fow.er, G. W.—See McraerRson, 

Frencn, E. L. A survey of the training 
and placement of women chemistry 
majors in women’s and co-educational 
colleges (Ar) 

Frutcuey, F. P. ano B. C. HENDRICKS. 
The essay examination in chemistry 
(Ar 


) 
Furman, N. editor—See Scott, W. W. 


GARNER, W. E. Reactions in the solid 
state (Ab) 

Gers, K. H. Application of isotopes in 
chemical research (Ab) 


Greorce, W. H. The scientist in action 
(B) 


(Ab) 

. Ira Remsen—erstwhile 
dean of Baltimore chemists (Ar) 

On ‘‘nitre’ and ‘‘natron” 


Girpert, E. E. The progress of organic 
sulfur chemistry (Ar 

Gruman, H. Selection and organization of 
content in the first course in. organic 
chemistry (Ar) 

Grapstong, M.—See Kuarascu, M. S. 

Guicx, D. Recent advances in histological 
chemistry by the Linderstrgm-Lang 
Holter technic and development of 
ultramicro technics (Ar) 

GotpsiaTt, L. A., editor. Readings in 
elementary organic chemistry (B).... 

Gotompeck, H.—See Scuarr, R. 

Gortner, R. A. Outlines of biochemistry: 
the organic chemistry and the physico- 
chemical reactions of biologically im- 
portant compounds and s poem = (B).. 

Grant, E. L. Principles of engineering 
economy. Problems (B) 

Gray, A. G.. Some organic indicators use- 
ful in analytical oxidation-reduction 
reactions (Ar) 

Green, D. E. The mechanisms of bio- 
logical oxidations (Ab) 

GREENE, L. W. The true waxes (Ar) 

GRIMWADE, R. The atmosphere as a raw 
material (Ab) 

Grossg, A. V.—See Krause, E. 

Gruntrsst, I. J.—See Foster, L. S. 

Gustavson, R. G.—See Hays, E. E. 


HADERT, H. The fireproofing of wood 
Ab 


( 

HAENDLER, H. M. The testing of organic 
rea = for inorganic analysis (Ar). . 
HALL, Trends in the organization of 

high- A chemistry since 1920 (Ar). 

Hami.ton, L. F. ano S. G. Simpson. Cal- 
culations of. quantitative chemical 

. analysis (B) 

Hammer, A. J. Inorganic chemical no- 
menclature (B) 

Hammonp, R. A. F. Industrial applica- 
tions of electroforming (Ab) 

Hanporr, B. H.—See Henpricks, B. C. 

‘Hass, H. B., C. T. Knipp, anp A. R. Pap- 
cett. Sir James Dewar’s coconut 

é charcoal (Ar) 

Havut,R. Gaseous colloids (Ab) 

Hauser, E. A. ano H. H. REYNOLDS. 
new way to demonstrate ‘‘wetter’’ 
water (Ar) 

Haw ey, K. J.—See Ricuarps, O. W. 

Haynes, W. Phosphates (Ab) 

Hays, E. E. anp R. G. Gustavson. 
apparatus for demonstrating Boyle’s 
aw 

Hearszy, E. The woman chemist 
the control laboratory. Training and 
qualifications (Ar) 
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Hein, F. New knowledge in the field of 
metallo-organic compounds (Ab 

HempEL, E he economics of chemical 
industries (B) 

HENDERSON, W. E.—See McPuerson, W. 

Henpricks, B. C. Wanted: a general 
term for binary compounds of non- 
metals ( 

— anD B. H. Hanporr. 
tions from old (Ar) 

Henpricks, B. C.—See Frutcuey, F. P. 

Heuser, E. anv B. . Rowranp. Dr. 
Johan Rudolf Katz 1880-1938 (Ar).... 

Hevesy, G. anD F. A. Paneto. A renee 
of radioactivity (B) 

HIRSCHFELDER, J. 
liquids (Ar) 

Hotmes, H. N. Have you had your vita- 
mins? ( 

Hops, E., 
1938 (B 

Hopkins, B. S., R. E. Davis, H. R. Smita, 
M. V. McGitu ano G. M. BrapsBury. 
Chemistry and you (B) 

——— A. A. The soybean industry 


Horwitz, W. The theory of electro-kinetic 
phenomena (Ar) 

—See Livincston, R. 

Hovcarpy, H. Refined steels during the 
last four years (A 

Hovorka, F. anp E. E. MENDENHALL. 
cathode-ray tube alternating current 
bridge detector for conductivity meas- 
urements (Ar) 

Hucues, A. H.—See ATKINSON, E. R. 

Hunter, E. Women as patent attorneys 


ILLINGWORTH, R. E. anv G. BARGER. 
Chemical analysis for medical students, 
qualitative and volumetric (B) 

ene M. Air-conditioning equipment 


Irwin, F. C. anp G. R. SHERWOOD. 
eral and i inorganic chemistry (B) 
Irwin, K. G. Periodicity patterns of the 
elements (Ar) 


JAHN, E.C. Chemistry in the education 
of a forester (Ar) 

Jacoss, M . _ Chemical 
foods and food products (B) 

Jounson, C. H. Laundry TOE 1918- 
1938 (Ab) 


analysis of 


JOHNSON, D. Catalysis—a demon- 
stration (Ar) 
‘‘Oxidation of ammonia to nitric acid—a 
demonstration” (C) 
Simple apparatus for determining per- 
centage composition (Ar) 
Utilization of a classroom waste product— 
a project (Ar) 
Jounson, W. C.—See Bootn, H. 
ais J. E. The Avogadro ‘number 


KAPPELMAIER, C. P. A. The thermal 
polymerization of drying oils (Ab).. 
KARAPETOFF, scale for predicting 
nuclear transformations (Ar) 

Kgtioec, H. Recent advances in volu- 
metric chemical analysis (B) 

Kenny, C. L.—See O’Brign, S. J. 

Kern, W. Studies of aqueous solutions 
4 — molecular acids and their salts 


K#HARASCH, M. S. anp M. GLADSTONE. 
Ether peroxides (C) 

KuwwuHerrer, E. H. Coal-tar dyes, 1918- 
1938 (Ab) 

Kirk, R. E.—See Boortn, H. S. 

KirkKPATRICK, S. D. Trail solves its sulfur 
problem (Ab) 

Knipp, C. T.—See Hass, H. B. 

Koss, K. A. Demonstration of an inverted 
solubility curve (Ar) 

Korver, L. Microscopic methods for the 
ORE of organic substances 


b 

KRrAnzvcein, P. Progress of the Friedel- 
Craft reaction and its industrial 
utilization (Ab) 

Krause, E. anp A. V. Grossg. Die 
Chemie der  pemebeesesianes Ver- 
bindungen (B 

Krewson,C. F. An inexpensive mechani- 
cal stirrer (Ar) 

Krucer, D. Protein structures 
fibroin, gelatin) (Ab) 


(wool, 


LANDIS, W. S. Women chemists 


Lance, B. Photoelectric colorimetry 
with application of selenium photo- 
elements (Ab) 
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Lanaquemen, Ww. a aleve der opened 
chen chemie (B) 

ae aia S Hydrochloric acid, 1918- 

C.H. Rancidity in edible fats (B).. 

Levey, H.A. Synthetic glycerin (Ab).. 

Lin, I. An evaluation of the methods of 
using analytical balance (Ar).. 

LIVINGSTON, hysico chemical experi- 
ments (B) 

— anv W. Horwitz. A simple calorime- 
ter for student use (Ar) 

Lioyp, D. J. AND A. SHORE. 
the proteins (B) 

Lockemann, G. A contribution to the his- 
tory of physical chemistry (Ab 

Lupkgr, An improved periodic table 


Lea, 


(Ar) 

LuKEnNS, H.S.—See ARMSTRONG, E. V. 

Luppo-CraMer. A discussion of the effect 
of the purity of the silver halides in 
aby plates on their light sensi- 
tivity (A 

Luros, G. O. eo F. Oram. Essentials of 
chemistry (B) 


MAASS, O. anv E. W. R. Srgactz. 
introduction to the principles of 
physical chemistry (B) 

Macuu, The decrease of acid corrosion 
of metals by organic substances (Ab). 

MacInngs, The principles of elec- 
trochemistry B) 

MacPuai., A. H. ano L.S. Foster. Place- 
ment in beginning chemistry courses at 
Brown University (Ar) 

Mauter, J.1. Conservation of manganese 
— in quantitative experiments 

Mann, F. G. ano B. C. SAUNDERS. Prac- 
tical organic chemistry (B) 

ManninG, J. R. Scientists must achieve 
power of expression (Ar) 

MANNING, P. Magnesium metal and 
compounds (Ab) 

Marxkuas, E. C.—See Dosains, J. T. 

Mason, C. M.—See Cuamor, E. M. 

Mason, C. M. ano E. F. Merion. An ex- 

riment for the determination of trans- 
erence numbers by electromotive force 
methods ( 

Marszyja, E. C 
sales (Ar) 

Maynarp, J. L., H. H. BARBER AND M. C. 
SNEED. A qualitative procedure for 
the analysis of Group II (Ar) 

Correction 

Maynarp, P. New data on our phosphate 

reserves (Ab 
bi fillers—clay talc, etc., 1918-1935 

Mayrosg, W. A model of a modern water 
filtration plant as a project in high- 
school chemistry (Ar) 

McBripg, R. S. Moisture control by new 
process (Ab) 

McCorkte, P. Survey of physical science 
for college students (B) 

McCrosky, C. R.—See ALMFELT, C. H. 

McCuttiocnu, A. Gas analysis (B) 

McFapyen, A. D. Chemistry a bulwark 
for ‘‘rugged individualism” (Ar) 

McGruu, M. V. The Division of Chemi- 
cal Education and the high-school 
teacher (E) 

The teacher of high-school chem- 
istry (Ar 

—See Hopkins, B. S. 

McKig, D.—See ParRTINGTON, J. R. 

McPuerson, W., W. E. HENDERSON, AND G. 
W. Fow.er. Chemistry at work (B).. 

Laboratory units in chemistry (B) 

Meez,A.J. The nascent state (Ab) 

Mg ton, E. F.—See Mason, C. M. 

MENDENHALL, E. E.—See Hovorka, F. 

Mrenges, K. The German artificial prod- 
wate and their economical significance 


Mitvgr, C. G. Drying laboratory glass- 
ware (C) 

Miuuipce, A. F.—See RIcHTER, V. VON. 

Mogrke,G.A. XXXIV. Chemistry ina 
tuberculosis sanatorium (Ar) 

Moore, W. C. XXXII. What a young 
graduate will encounter in industrial 
research. (Ar) 

MUHLEMAN, G. W. Lecture demonstra- 
tions and a in general chem- 
istry (B).. 

Muscue., L. H. ° Pseudo-acids (Ar)... 

MUuTZENBECHER, P. VON. The measure- 
ment of particle size and molecular 
weights by centrifuging (Ab).. 

Myers, C. D. Suggestions for the Jour- 
NAL (C) 


NEES, A. R. XXIX. Life of a chem- 
ist day by day (Ar) 
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Nevson, E. W. The magic wand of 
science (B) 


The history of the com- 
mon salt industry on Merseyside (Ab). . 

Norp, F. F. anp R. WEIDENHAGEN. Ergeb- 
nisse der enzymforschung (B)........ 

Norris, J. F. anp Younc. A text- 
— of inorganic chemistry for colleges 


Newsury, N. Rr 


NortHrop, J. H. Crystalline enzymes. 
The chemistry of pepsin, trypsin, and 
PRUIGUUBMEP CET i ccccs crises etecks 


O'BRIEN, S. J. anp C. L. Kenny. The 
hydrolysis of a salt derived from a weak 
acid and a weak base (Ar)...........+.- 

OgsPeR,R.E. Berthold Schwarz (Ar) 

Eric K. Rideal (1890— : 
Fritz A. Paneth (1887- 
Hermann Staudinger ( ag 
Jean Timmermans (188 ) 
ocelyn Field Thorpe tar 
tA Friedrich Bonhoeffer 
Ar 





OLIVE, Viscose rayon spun continu- 
ME CRO. oo ccvesctccecreensseyawe 

Oram, F.—See Luros, G. O. 

Orro, C. E. A new method of dispensing 
anetatine unknowns (Ar).......... 

—and E. B. Otro. Reliability of qualita- 
tive analysis procedures in the hands of 
WRI OMON io ssic cok tcceceees cneees 

Orto, E. B.—See Orro, C. E. 


PADGETT, A. R.—See Hass, H. B. 
Paine, H.S., F. H. THURBER, R. T. BALCH, 
AND W.R.RICHEE. Sweet potatoes as 
EE | EES a Eres 
PaneTH, F. A.—See Hevesy, G. 
ParRTINGTON, J. R. AnD D. McKie. His- 


torical studies on the phlogiston theory. 
I. The levity of phlogiston (Ab)..... 

II. The negative weight of phlogiston 
(A 


Patter, R. D.—See Davizs, W. 9 
PgearRSALL, D. E. The chemist and chemi- 
cal ope in the explosives industry 
Ce piles va CS.Nos Ks 6:58 Reem Ned -o de 


Pearson, T. G. The development of the 
experimental study of free radicals 


PgeTeRSON, J. M. History of the naval 
stores industry in America. (Ar) Part I 
Part II 
Pincas, H. C. The aethanolamins in in- 
MOE co ciai te tien netc.cadees 
PisHAWIKAR, D. G.—See SHAH, S. V. 


Prank, E. Fundamental chemical laws 
comonstrated with gases (Ar)........ 
Piatt, H. H. Science for fun (Ar)....... 
Purmer, R.H. A. Organic and bio-chem- 
SE |) OPP r re rt 


Preston, E. Lithium in glass and ceramics 
DUNE, tavic ivan h 6 abs rare eRe Rees ee 
PuTERBAUGH, M. P. The chemistry meth- 
MN COMIN CON occ s cecaakcews nee OK 856 
Potter, K. E.—See ARNDT, E. 


Ray, F. E. XXVII. The university 
professor (Ar)......---esceesesesees 
Raynotps, J.W. New products of the rub- 
ber industry EU Eh ice ak chess conse 
Reap, W.T. Industrial chemistry (B).. 
Regp,R. D. The 1937-1938 college chem- 
istry testing program (Ar)............ 
REEDy, Theoretical i 
SeMINOUR EE oie gsc ccsciced nace see eeé 
Reynotps, H. H.—See Haussr, E. A. 


RuopgsusH, E. K.—See RuopesussH, W. H. 


RxHopesusH, W. H. anv E. K. RHODEBUSH. 
An introductory course in physical 
CRBMUIBESY UB). occ ccccicesceseesce 

Ricwarps, O. W, anp K, J. HAwLey. 
Mold elimination in marine laboratories 


ABEL, Joun Jacos, 1857-1938. W. M. 
CAMA CN i's 6 ais eatin. ce Sho ge meS 
Academy, oe history of chemistry at Phil- 
lips. pe REMMI CMM 66s cn's. 604 8 00-8 


Aaiatten in first-year college chemistry, 
The effect of the nature of the course on. 
Pe CU Core ter ncsrc cn oerees.s 

Acid and a weak base, The hydrolysis of a 
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Ricugez, W. R.—See Parne, H. S. 
RICHTER, a e. Textbook of organic chem- 
SO OM cnnnnt dt dt cncavest eas 


RICHTER, V. VON, R. ANSCHUTZ, “editor, % 
TayLor AND A. F. MILLIDGE, 


translators. The chemistry of the 
carbon compounds (B)............+.. 
Riscue, A. The oxidation of aldehydes by 
the oxygen of the air (Ab)............ 
Rosey, R. A rule of codrdination 
WENN CAG ing cnctcced nacscue eres ¢ 


Ropt, R. V. The action of ferrous hy- 
droxide on metallic hydroxides in 
ammoniacal solution (Ab 

Rocgrs, H. E.—See Situ, J. W. 

Rojansky, V. Introductory quantum 
GOR AIG nora Ncraons eases es 

RosgenBAuM, E.J. Laboratory work for the 
chemistry part of a general course in the 
physical sciences (Ar).......... ae 

ROSENTHAL, R.—See Brescia, F. 

ROWLAND, B. W.—See Heuser, E. 

Rowtey, H. H. A physical chemistry ex- 
periment on low pressure technic (Ar). . 

seanat E. ‘‘Patents for acts of nature’ 


SAMPEY J. R. Recently discovered 
carcinogenic and anti-cancer agents 
CROP. acenasennoveaannetereners 

SaRGENT, T. Some uses of the micro-pro- 
jector in physics and chemistry (Ab).. 

SAUNDERS, B. C.—See Mann, F. G. 

a R. Wood-cellulose-staple rayon 

—anp H. Goromseck. The determina- 
tion of the molecular weight from the 
freezing-point lowering in liquefied 
WR oa cn ceccexapeceee resi 

ScuickH, V. The history of shinee pene 
istry (Ab 

Scuocn, E. P. anp W. A. FELSING. 
Ss at i eee 

Scuoon, T. X-ray studies on natural coals 


Scott, W.—See EssgEien, G. 

Scott, W. W., edited by N. H. Furman. 
Scott’s standard methods of chemical 
analysis (B 

Sgercer, W. A simple determination of the 
equivalent weights of mercury, copper, 
and zinc (Ar) 

SgeLtwoop, P. W. The course in géneral 
chemistry (Ar)....... 

Semat, H. Introduction to atomic phyaics 

Seymour, K. M. Some improved pro- 
cedures for the elementary organic 
Salome CAS) 0c cv cccccvcesvacccece 

Sau, S. V. AND D. G. PISsHAWIKAR. The 
preparation of m-dinitrobenzene (C).. 

SHEPARD, N. hich chemists succeed 
in industry (Ar) SO Pee ey Fee 

SHERMAN, aioe. and opportuni- 
ties for ry (Ar 

SHERWOOD, G. R R.—See Irwin, F. C. 

SuHore, A A.—See Lioyp, D 

SHREVE, R. N.—See Foros, V4 ¥ 

SrepLerR, P. The manufacture and uses of 
the noble gases (Ab) 

Smmpson, S. G.—See HAMILTON, L. F. 

Situ, H. R.—See Hopkins, B.S. 

Situ, J. W. anp H. E. Rocsrs. New or- 
ganic qualitative reagents (Ar)........ 

SNBED, .—See Maynarp, J. L. 

SNELL,C.T. Writing about chemistry (Ar) 

STANFORD, ‘i c ae The —_ in- 
structor (Ar)...... 

STEaciE, E. W. R.—See Maass, oO. 

aab):: J. K. Wood for chemical needs 





ee eee eeee 


Sotiocccncesee cry 3 ae . hae ro ‘ 


Swirt, E., Jr. A convenient apparatus for 
holding funnels while filtering into 
MORE CBRT, cocci vccccccscpcscrcuns 

Swirt, E.H. A system of chemical analy- 

sis for the common elements (B)...... 





SUBJECT INDEX 


salt derived from a weak. S. J. 
O’BrIEN AND C. L. Kenny (Ar)...... 
Acid corrosion of metals by organic sub- 


ane The decrease of. W. Macuu 
CB cuccccetecccvectvessccnevsoese 
Acid note, An. ANON. (Ab)..........000% 


Acids, A simplified nomenclature for or 


ton transfer concept of. H.N. ALYEA 
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SzymanowiTz, R. Colloidal graphite. Its 
preparation, properties and diversified 
uses in industry ( 


Inorganic chemistry for 


Tancuoco, F. 
Non- 


pharmacy students. Book I. 
ane ) 

TauserR, H. Vitamins as coenzymes (Ar)... 

TAYLOR, J.—See Ricuter, V. von. 

Tuompson, H. W. A course in chemical 
SNGTTORNNIE OT oo occ cred actos sees 

THORNTON, W. M., Jr. Tantalum as a 
material for standards of mass (Ar) . 

THORPE, Biochemistry for medical 
SNES CB cede cadccecseceaces ao 

Tuurser, F. H.—See PAINE, H. S. 

Trimm, J. A. An introduction to chem- 
GR Clik ce ccdcccactcvcesas ceesnce 


VAN ATTA, F. A. A modified method 
for the identification of silver (Ar).... 
VaN RyYSSELBERGHE, P. Derivation of the 
criteria for irreversible changes, equi- 
librium and stability based on the un- 
compensated heat (Ar)............+.. 
Vernon, A. A. An experiment on liquid- 
vapor equilibrium for a two-compo- 
WERE SYORENE: CAE)... cccsccccededscvece 
VossurGcH, W. C. Introductory qualita- 
ve GHIGOS CB ike cite hecceedeidecee 


WADE, F. B. ‘‘Tough soap films and 
WaKEHAM, G. Organic chemistry in be- 
ginning chemistry courses (Ar)....... 
Wa ker, T. K. Scope of the chemistry of 
SS SO vcncccecakecdsede<s 
Warp, J. H. The high-school course in 
GCUECIIN c cdclecceduidetsacaes 
Watson, D. L. ann J. Dewey. ienti 
GPG MNO GPs cc ccccccccrecsessios 
Watson, W. N. Methods of fire making 
used by early man (Ar).............. 
Watt, G. W. and N. O. Capps. Liquid 


ammonia research in 19338—a review 


Co RP er a ee 
Watters, L. Chemistry exhibits and proj- 
GUE NI cece Hbsaxcecusetreneceheae 
Wess, H. A. Freedom of speech in chemi- 
cal education (Ar).........-.-scecees 
WEIDENHAGEN, R.—See Noro, F. F. 
Weirick, E.S. Experiences in the field of 
merchandise control (Ar)............. 
We uincs, A. W. Experimental study of 
ORIN CRI ii ck cane nc cececkes es ee 
WELTz1EN, W. ano K. WINDBCK-SCHULZE. 
The substantive dyeiag of artificial tex- 


Oy eee eee 
Wuirsitt, M.L. A backward glance gives 
ao forward beek CAs)... cccccccececses 
Wikorr, H. L. XXXIII. The teaching 


field of physiological chemistry (Ar). . 
Wituiams, E. C, odern epaaieuerth re- 
search CBR oes Vaineet weed oGeern ‘ 

Witurams, G. Y.— See BaLcuER, . BE. 
Wituiams, R. J. A textbook ‘piochem- 
WT Cac ons dvidcdcsdeaseccsshctes 
— AND R. Q. BREWSTER. A laboratory 
manual of organic chemistry (B)..".... 
Witson, F. J. The chemical society of 
oe minute book of 18J0-i801 
) rrr 
WInpgcK-Scuuzg, K. See WELTzIEN, W. 
Wo tng, R. W. What shall I do with my 
exceptional student? (Ar)............ 
—— G. A study of equations of state 
r) 


COPIERS 5 5. ook. o 40s Hav cncestcecessce 
Worner, R. K. O pportunities for women 
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